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ABSTRACT
A morphological comparison of four species of Utriculastra and two 
species of Cylichnella was undertaken. It was determined that the 
criteria for separation of the two genera were subject to intermediate 
forms and on this basis Utriculastra is regarded as a junior synonym of 
Cylichnella. Cylichnella eximia is considered a junior synonym of 
£. culcitella. C^. inculta and C^. ■ canaliculata while closely related are 
maintained as separate species.
The generic limits within the Aglajidae are reviewed and altered, 
based on the study of twenty species. Navanax Pilsbry, 1895 is reinstated 
as a genus distinct from Aglaja. The generic placement of several species 
is altered from previous works. An evaluation of morphological characters 
suggests that each of five genera have distinctive external morphology 
but the consideration of additional criteria yields more confident 
placement of species. The evolutionary relationships of the genera and 
their affinities with the Philinidae are discussed.
The origins of the Opisthobranchia from the Prosobranchia are 
examined along with relationship to the Pulmonata. It has been determined 
that the Archaeogastropoda and Rissoacea-Cerithiacea provide poor models 
for the origins of the opisthobranchs. The Littorinacea are suggested as 
better representing the precursors of opisthobranchs. The Acteonidae are 
regarded as substantially modified cephalaspideans and constitute a poor 
prototype of an ancestral opisthobranch. The Ringiculidae most closely 
approach the ancestral condition but have been modified in some aspects of 
their morphology. The Umbraculidae while substantially derived retain an 
ancestral reproductive system. As all living opisthobranchs have been
xiii
modified from the ancestral condition in some morphological aspects a 
hypothetical ancestral opisthobranch has been constructed.
Ninety opisthobranchs of sixteen families have been studied to 
further evaluate the variability within primitive members of the subclass. 
These data are correlated and compared with information available from 
previous works. Based on the establishment of affinities, eight major 
clades of opisthobranchs are discerned. Substantial parallel and 
mosaic evolution confound the determination of cladogenesis within the 
Opisthobranchia. In several instances parallelism exceeds divergence.
This presents difficulties for phenetic and caldistic analysis as both 
methods assume that divergent evolution is the dominant trend.
COMMON INTRODUCTION
The Opisthobranchia exhibit extreme morphological variation and 
occupy correspondingly varied ecological niches. Based on their diverse 
form opisthobranchs can serve as a model for the processes directing 
adaptive radiation. Two recent works have attempted to ascertain the 
interrelationships or phylogeny of the Opisthobranchia. Boettger (1954) 
based his phylogeny largely upon characteristics of the nervous system while 
Ghiselin (1965) relied primarily on aspects of the structure of the 
reproductive system. Boettger's attempt is less than satisfactory since 
it neglects the phenomena of convergent and parallel evolution. Ghiselin's 
work, while substantially more precise, disregards the primitive nature of 
several groups and maintains several questionable conclusions. An approach 
which compares the evolution of a number of organ systems in greater detail 
will produce a "purer" end product. It is this synthetic approach which I 
adopted to more accurately elucidate the phylogenetic relationships of the 
opisthobranchs.
In order to study the range of variability and relationships within 
the Opisthobranchia, I have examined 80 species of cephalaspideans and 10 
additional species which are primitve members of other orders. To further 
determine variability, one family, the Aglajidae and a single genus, 
Cylichnella (Scaphandridae) were studied in detail as they both represent 
homogeneous groups of cephalaspideans. Both taxa require systematic 
revision in addition to morphological study.
While most authorities (Morton, 1968; Fretter and Graham, 1962;
Hyman, 1967) agree that the opisthobranchs and pulmonates arose from 
members of the Prosobranchia there has been little or not attempt to
1
2substantiate these claims. Neither Boettger (1954) nor Ghiselin (1965) 
attacked the problem. As a portion of my dissertation I inted to address 
this problem in detail.
Historically members of the genus Acteon have been considered as 
ancestral to the remainder of the subclass (Guiart, 1900; Johansson, 1954; 
Fretter and Graham, 1954; Morton, 1968). This consideration has been 
based on the primitive conditions found in the form of the shell and 
the anterior position of the mantle cavity. However, the anatomy of 
the digestive, nervous and reproductive systems is highly modified from 
my hypothetical form, which more closely resembles conditions found in 
existing prosobranchs. For these reasons I have developed an alternative 
hypothesis relative to the ancestral opisthobranchs. Members of the 
Ringiculidae have many more primitive characteristics and therefore more 
closely approach the hypothetical ancestral condition.
As stated previously the opisthobranchs demonstrate an extremely 
high degree of parallel evolution. Within largely independent lines 
within the subclass there appears to be mosaic evolution. Mosaic evolution 
is defined as unequal, where certain characters are under strong selection 
pressure to change rapidly while others retain their ancestral state 
(Mayr, 1975). In most opisthobranchs the nervous system, reproduction 
system, loss of shell, and corresponding reduction of the mantle cavity 
have undergone rapid differentiation. The major approaches to constructing 
phylogenies are currently a source of heated debate amongst evolutionary 
biologists. Three major schools of through exist (Hennig, 1966; Mayr,
1974; Sokal and Sneath, 1963). Since the opisthobranchs possess a complex 
evolutionary history of parallelism and convergence, they serve as a good 
model for the comparative analysis of phylogenetic methods.
CHAPTER I
A MORPHOLOGICAL COMPARISON OF 
UTRICULASTRA AND CYLICHNELLA 
(OPISTHOBRANCHIA: SCAPHANDRIDAE)
Abstract
A morphological study was made of four species of the genus 
Utriculastra Thiele, 1925 and two species of Cylichnella Gabb, 1873. 
Cylichnella oryza was studied anatomically for the first time. Com­
parison of the information obtained in this study with that in the 
literature and suggests that Utriculastra should be regarded as a 
junior synonym of Cylichnella. C_. canaliculata and C. inculta, while 
similar in form, are distinct species. _C. cereal is is maintained as 
a valid species while eximia is suppressed as a junior synonym of 
C. culcitella.
Introduction
The recent works of Marcus (1974, 1977), Rudman (1971, 1972), and 
Bouchet (1975) have dealt extensively with the comparative morphology of 
members of the Cephalaspidea. Many species possess shells which are 
similar in form yet have greatly divergent internal morphology. The 
systematics of the Cephalaspidea has been more clearly defined as a 
result of these studies.
Two genera of the Scaphandridae, Cylichnella Gabb, 1873 and 
Utriculastra Thiele, 1925, have different shell types. Cylichnella 
has an involuted spire while Utriculastra possesses a projecting apex
4of varying prominence (Marcus, 1958; Marcus, 1977). Marcus, (1977) 
noted that the gizzard and radula of members of both genera are virtually 
identical but differentiated the genera on the basis of several other 
criteria. Marcus (1977) described two subgenera, U. (Utriculastra) and 
U. (Tornastra). My preliminary examinations suggested that a more 
detailed analysis of the status of Cylichnella and Utriculastra was 
warranted. The work of Marcus (1977) supplied an excellent analysis of 
Utriculastra and its component subgenera and species and provides the 
basis of compairson for the work presented in this paper.
I thank Dr. Ruth Turner of Harvard University for her encouragement 
and for her critical comments, Dr. Eveline Marcus of the University of 
Sao Paulo, Brazil for her suggestions and enthusiasm, Dr. M. Patricia 
Morse of Northeastern University, Mr. Kee Muschenheim of Yale University 
and Mr. Gale Sphon of the Los Angeles County Museum for providing specimens. 
I particularly wish to thank Dr. Larry Harris of the University of New 
Hampshire for his guidance and friendship and for his help in collecting 
specimens in Nova Scotia.
Materials and Methods
Three specimens of Utriculastra cerealis (Gould, 1852) were collected 
from Bodega Harbor, Bodega Bay, California (lat. 38° 18' N.; long. 123°
03' W.) on June 17, 1976. Numerous specimens of U. inculta (Gould, 1856) 
were collected from Morro Bay, California (lat. 35° 20' N.; long. 120°
50' W.) on July 17, 1976. U. canaliculata (Say, 1826) was collected on 
August 17, 19, 26, 1977 from several localities in Nova Scotia and New 
Brunswick, and on September 3, 1977 from Pt. Judith, Rhode Island (lat.
41° 24' N.; long. 72° 30'-W.). Additional specimens of U. canaliculata
5from Long Island Sound were provided by Mr. Kee Muschenheim. Several 
speimens of U. culcitella (Gould, 1852) from San Miguel Island, California 
(lat. 35° 59' N.; 120° 25' W.) were loaned by the Los Angeles County 
Museum. Three specimens of Cylichnella bidentata (d'Orbigny, 1841) 
from the Eveline Marcus collection were made available by the Department 
of Mollusks, Museum of Comparative Zoology, Harvard University. Numerous 
specimens of £. oryza (Totten, 1835), dredged from Long Island Sound, 
were provided by Mr. Kee Muschenheim.
Specimens were observed alive whenever possible and were dissected 
for morphological comparison. Several (circa 5-10) individuals of each 
species were dissected to determine intra as well as interspecific 
variation. The shell posterio-lateral extension of the mantle, radula, 
jaw, gizzard plates, nervous system and reproductive system were studied 
for each species.
Results
Utriculastra Thiele, 1925 
type species: Volvaria canaliculata Say 1826
1. IJ. canaliculata (Say, 1826)
Specimens collected from three different localities in New Brunswick 
and Nova Scotia exhibited different shell characteristics. Specimens from 
Parlee Beach, Shediac, N. B. (lat. 46° 12' N.; long. 64° 30' W.) an open 
sandy beach on the Northumberland Strait, have a spire which is elongate 
and clean; those from Pictou Harbor, N. S., (lat. 45° 40' N.; long. 62°
45' W.) a quiet area of mixed fine sand and mud have an elongate spire which 
is covered with sand and mud; and the spires of all specimens (100) from 
Bras d'Or Lake, N. S., (lat. 46° 05' N.; long. 60° 48' W.) a large calm
estuary, are almost completely eroded. The shell ranges from 3.5 to 
6.0 mm in length. In all cases the periostracum is thin and transparent. 
The postero-lateral elaboration of the mantle edge is short.
The radular formula in five specimens ranges from 12-15 X 1.
1.1. The jaws are cuticular and possess platelets as depicted by Marcus 
(1977). The gizzard plates of U. canaliculata are similar to that 
described by Marcus (1977) with a wide heart-shaped dorsal plate and two 
narrow sub-equal latero-ventral plates. In six specimens observed the 
large gizzard plates ranged in length from .85 to 1.0 mm while the 
lateral plates ranged from .95 to 1.25 mm in length.
The nervous system (fig. 1) consists of two large cerebral and 
two large pedal ganglia. The cerebral and pedal commissures are 
approximately equal in length. The left and right pleural ganglia are 
small and connect to the cerebral and pedal ganglia. Immediately 
posterior to the right pleural ganglion lies the right parietal ganglion. 
From there the right visceral nerve runs posteriorly to the supraintestinal 
ganglion which is situated at the level of the mid-portion of the -gizzard. 
At the dorsal surface of the ganglion the short osphradial nerve connects 
with the vestigal osphradium. Near its posterior limit the right visceral 
nerve crosses the left visceral nerve dorsally and loops anteriorly to the 
small genital nerve and the left visceral nerve. After a moderate dis­
tance the left visceral nerve gives rise to the closely associated 
visceral and subintestinal ganglia. Midway between the left pleural 
ganglion and the sub-intertinal ganglion the left visceral nerve gives 
rise to the pallial nerve. At this juncture the visceral nerve is slightly 
thickened yet does not form a distinct pallial ganglion.
7The reproductive system of U. canaliculata (fig. 2) consists of a 
series of diffuse lobes of the ovotestis which are interdigitated with 
the digestive gland. The narrow pre-ampullary duct is short and widens 
into an ampulla consisting of numerous convolutions. The ampulla narrows 
into an elongate and relatively straight post-ampullary duct. A semi­
serial receptaculum seminis (terminology following Edmunds, 1970) enters 
the post-ampullary duct which continues distally to the common genital 
atrium. Also entering the common atrium are the large female accessory 
organs, the albumen and mucus glands. The duct of the spherical bursa 
copulatrix also enters the common atrium at this point. From the 
gonopore an open seminal groove runs anteriorly to the protrusible 
cephalic penis.
2. U. inculta (Gould, 1856)
The shell of U. inculta has an elevated spire. The protoconch may
be present or eroded. The periostracum is transparent. In the forty 
specimens studied the shell is 3.5 to 6.0 mm long. The postero-lateral 
margin of the mantle is produced into a short extension. The radular
formula in four specimens varies from 18-20 X 1.1.1. The jaws are thin
and cuticular and possess platelets as depicted by Marcus (1977). The 
gizzard is similar to that described by Marcus (1977). The dorsal plated 
is broad and heart shaped and ranges from .80 - 1.05 mm in length. The 
narrow paired gizzard plates are .95 to 1.10 mm in length.
The central nervous system and reproductive system are indistin­
guishable from those of U. canaliculata with the exception of the penis. 
In U. inculta the prostate is thick and elongate while in U. canaliculata 
it is much thinner and shorter.
83. U. culcitella (Gould, 1852)
The shell is 9.5 to 15.0 mm in length in the 20 specimens observed.
The spire is slightly to moderately elevated. The periostracum is
transparent-brown with numerous spiral striations. The length of the 
postero-lateral mantle extension varies from moderate to extremely long.
It recurves to the right side of the animal and extends ventrally to the 
ventral surface of the body whorl.
In U. culcitella there are 23, 24, and 28 pairs of lateral teeth in
three individuals observed. In the specimen with 24 pairs of lateral
teeth there is a row of 14 small, rectangular rachidian teeth, while 
rachidians are entirely absent in the other two individuals from the same 
collection. There are 55 to 66 denticles along the entire margin of the 
lateral teeth. The jaws consist of a thin membranous cuticle without 
platelets. In four specimens observed the small unequal gizzard plate is 
laterally flattened and is 1.6 to 2.9 mm long. The large sub-equal gizzard 
plates are 2.4 to 4.9 mm long.
The reproductive system of U. culcitella is similar to that of 
U. canaliculata except that the receptaculum seminis is serial in one 
specimen (fig. 3a) and semi-serial in two other specimens (fig. 3b).
The penis and prostate in three specimens observed in three specimens 
observed in similar to that described by Marcus (1977) and ranges from 
7 to 13 mm in length.
4. U. cerealis (Gould, 1852)
The shell is 6.5 to 11.0 mm in length and has a moderately elevated 
spire. The periostracum is transparent with brown spiral straitions of 
varying prominence. The postero-lateral extension of the mantle is 
elongate and recurves to the left along the dorsal surface of the body whorl.
9The radula in the three specimens observed consists of 17, 19 and 
21 pairs of lateral teeth. In no case is there any trace of rachidian 
teeth. The jaws are thin and membranous without platelets. In the four 
specimens observed the small, uneven gizzard plate is dorso-ventrally 
flattened and 1.0 to 1.5 mm long. The large subequal plates are 1.5 to 
2.5 mm long.
The nervous system is identical to that described for U. canaliculata.
The reproductive system is the same as in U. canaliculata except 
that the receptaculum seminis in one specimen is serial and semi-serial 
in another, as in U. culcitella. In the three specimens studied the penis 
consists of an elongate, thickened prostate and a conical papilla which 
lacks papillations. The penis ranges from 8 to 12 mm in length.
Cylichnella Gabb, 1873 
type species: Bulla bidentata d'Orbigny, 1841
5. Cylichnella bidentata (d'Orbigny, 1841)
The shell is elongate and cylindrical with a bulloid apex. In the 
three specimens studied the shell is 2.8 to 3.1 mm long and 1.4 to 1.6 mm 
wide. The periostracum is thin and transparent without striations. The 
postero-lateral extension of the mantle is of moderate length.
The radular formula in two specimens dissected consists of 14 and 
15 X 1.1.1. The jaws are thickened at the anterior edge but lack any 
platelets. The gizzard consists of a wide heart-shaped dorsal plate which 
in two individuals ranges from .55 to 1.0 mm in length. The narrow 
paired plates range from 0.6 to 1.0 mm in length.
The nervous sytem and the reproductive system (fig. 4) are not 
significantly different from that of Utriculastra canaliculata. The 
penis is identical to that described by Marcus (1958).
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6. £. oryza (Totten, 1835)
The shell (fig. 5) is orbicular with a depressed bulloid apex.
The preserved animals vary in length from 14. to 2.8 mm and 0.7 to 2.0 
mm in width. The postero-lateral extension of the mantle is extremely 
short.
In the two specimens examined the radula (fig. 6) has a formula of
16-17 X 1.1.1. There are 10 to 16 denticles on the inner margin of the
laterals. The jaws consist of a thin chitinour cuticle which lacks 
platelets. The gizzard (fig. 7) consists of a large heart shaped dorsal 
plate and two smaller, subequal ventro-lateral plates. The dorsal plate 
in the one specimen examined is 1.35 mm long and .97 mm wide. The two 
subequal plates are 1.25 mm and 1.22 mm in length and .51 mm and .50 mm 
wide, respectively.
The central nervous system (fig. 8) appears to be entirely 
euthyneurous as the right visceral nerve does not cross the left visceral
nerve. The relationships of the ganglia are similar to those of
U. canaliculata except that the visceral nerves are shortened.
The reproductive system of £. oryza (fig. 9, 10) closely resembles 
that of U. canaliculata. The only difference is that the receptaculum 
seminis is spherical with an elongate duct in both specimens dissected.
The penis consists of a wide prostate which narrows anteriorly for most of 
its length. The penial papilla is broad without any armature or papillae.
Discussion
The morphological similarities between the species described is 
striking. Marcus (1977, p. 17) noted that the radular teeth and gizzard 
plates of Utriculastra canaliculata and Cylichnella bidentata were
11
identical yet stated that "the depressed apex (of the shell), the 
shape of the head shield, posterior adherence and the male organ are 
different in both forms and justify generic separation." A detailed 
examination of these differences is required.
The presence of a bulloid shell in Cylichnella versus an elevated 
spire in Utriculastra appears to be a useful character for generic 
separation. However, if one examines the shells of species of Utriculastra 
one encounters a wide range of form. U. rolleri Marcus, 1977 generally has 
an extremely elongate spire (unpublished data) while in U. eximia the spire 
is scarecely elevated (Marcus, 1977). Most other species are somewhat 
intermediate between these two in spire elevation.
The shape of the head shield in U. canaliculata, when fully extended, 
is rectangular and more elongate than shown by Marcus (1977, fig. 23).
The posterior lobes of the head shield are rounded in U. canaliculata 
whereas they are acutely pointed in C_. bidentata. The lobes of U. rolleri, 
however, are elongate and acute as in C^. bidentata. I am unable to discern 
any consistent difference in the shape of the head shield between Cylich­
nella and Utriculastra.
It appears to me that the "posterior adherence" (Marcus, 1958)
of Cylichnella bidentata is homologous with the "cloacal tentacle"
(Marcus, 1977) found in Utriculastra cerealis, U. eximia, U. culcitella
and Tornatina conspicua. I prefer the term, posterior extension of the
of the mantle. Cylichnella oryza lacks any noticeable extension of the
mantle while in U. inculta and U. canaliculata it is extremely short. In
specimens of U. cerealis from Bodega Harbor the extension was as highly
elaborated as in Tornatina conspicua. The length of the extension varies 
/
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in specimens of U. culcitella from San Miguel Island. There seems to be 
no consistent difference between Cylichnella and Utriculastra with respect 
to this character.
The final character on which Marcus (1977) based her separation of 
Cylichnella and Utriculastra was the structure of the penis. The papilla 
of C. bidentata bears a row of papillae along its margin (Marcus, 1958, 
present study). In U. culcitella and U. eximia the penis contains similar 
papillations (Marcus, 1977). The penis of U. inculta, U. canaliculata and 
CJ. oryza lacks any papillations. Marcus (1974) has shown that some species 
of Scaphander possess papillations on the penial papilla while others lack 
them entirely. Similarly, Rudman (1974) has shown that Aglaja ocelligera 
has a penial papilla with numerous papillations while other members of 
the genus have a naked penis. There seems to be little basis for 
separation of Cylichnella and Utriculastra with regard to the penis.
The nervous systems of all species of Cylichnella and Utriculastra 
in this study were virtually identical with the exception of C^. oryza 
which is completely euthyneurous yet has the same configuration of ganglia. 
Though all other species observed in this study, including C_. bidentata, 
differ slightly from C^. oryza their differences are not regarded as having 
taxonomic importance.
In the examination of the reproductive systems of the six species 
observed in this study the most substantial difference occurred within 
the species, U. culcitella and U. cerealis. In both species the receptaculum 
seminis may be either serial or semi-serial. Since the greatest difference 
observed is of an intraspecific nature there is no basis for separating 
genera.
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When the observed species of Cylichnella and Utriculastra are 
compared there is no characteristic which clearly differentiates them.
The differences in the radula and gizzard of the two subgenera 
Utriculastra, U. (Utriculastra) and U. (Tomastra), are more substantial 
than those between U. (Utriculastra) and Cylichnella. I feel that the 
taxa Cylichnella and Utriculastra form a natural, monophyletic genus and 
should be regarded as Cylichnella Gabb, 1873, on the basis of priority. 
Utriculastra is regarded as the junior synonym.
Marcus (1977) described two subgenera of Utriculastra, U. (Utriculastra) 
and U. (Tornastra). U. (Utriculastra) is characterized by having a deltoid 
unpaired gizzard plate while U. (Tornastra) has a round unpaired plate. 
However, the vast majority of morphological characteristcs (e.g. shell, 
radula, nervous and reproductive systems) are virtually identical between 
species placed in both subgenera. In Philine, the monotypic genus of the 
closely allied Philinidae, the shape of the gizzard plates varies con­
siderably or may be absent but no subgeneric separation is made. I feel 
that the separation of Cylichnella is not useful as it appears to form a 
natural generic taxon. I therefore suppress U. (Tornastra) as a junior 
synonym of the nominal subgenus U. (Utriculastra) which is regarded as a 
junior synonym of Cylichnella Gabb, 1872.
Cylichnella canaliculata is morphologically very similar to C. inculta. 
C. canaliculata has 12 to 15 rows of radular teeth while jC. inculta has 
17 to 20 rows. The large dorsal gizzard plate of C^. inculta is broader 
than in C^. canaliculata and also contains a proportionately larger thickened 
central portion. The penis of £. inculta contains a thicker and longer 
prostate than that of C. canaliculata. While these differences are minor
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they do appear to be consistent and warrant specific separation.
Marcus (1977) stated that £. cerealis was distinct from £. eximia 
and £. culcitella. The material from Bodega Harbor supports this conten­
tion. The unpaired gizzard plate is dorso-ventrally flattened rather than 
laterally compressed. The lateral teeth in £. cerealis possess 20 to 
37 denticles compared to 40 reported for £. eximia and 55 to 66 for
£. culcitella. Dali's (1922) contention that £. cerealis is young
£. culcitella is refuted since all specimens collected at Bodega Harbor
were sexually mature and were collected with egg masses.
The separation of £. eximia and £. culcitella seems more difficult. 
Marcus (1977) stated that they were distinguished by their radular teeth, 
penis and gizzard, yet described the radula of £. culcitella as corresponding 
"to that of eximia". The gizzard plates depicted for £. culcitella are 
slightly more oval than those of £. eximia (Marcus, 1977, figs. 57, 68,
69, 70, 74) yet specimens from San Miguel Island showed similar variation.
The penis and prostate was 20 mm long in £. eximia and 3 mm long in £. 
culcitella in specimens of approximately equal length. Specimens studied 
in this paper had penis and prostate lengths of 7, 9 and 13 mm. Due to 
the intermediate length of the penis along with similar morphology of 
the other systems the two species are here considered as synonymous with 
£. culcitella (Gould, 1852) having priority.
Based on the anatomical work I have undertaken I propose the following
taxonomic arrangement:
Genus Cylichnella Gabb, 1873
Cylichnella Gabb, 1873: 273
(type species: Bulla bidentata d'Orbigny 1841)
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Utriculastra Thiele, 1925: 235
(type species: Volvaria canaliculata Say, 1826)
U. (Utriculastra) Thiele, 1925: 234
(type species: Volvaria canaliculata Say, 1826)
U. (Tornastra) Marcus, 1977: 5
(type species: Bulla eximia Baird, 1863)
1. Cylichnella bidentata (d'Orbigny, 1841)
Cylichnella bidentata (d'Orbigny, 1841); Marcus, 1977): 14
2. Cylichnella canaliculata (Say, 1826)
Utriculastra (Utriculastra) canaliculata 
(Say, 1826); Marcus, 1977: 14
3. Cylichnella inculta (Gould, 1856)
Utriculastra (Utriculastra) inculta 
(Gould, 1856); Marcus, 1977: 17
4. Cylichnella cerealis (Gould, 1852)
Utriculastra (Tornastra) cerealis (Gould, 1852);
Marcus, 1977: 24
5. Cylichnella culcitella (Gould, 1852)
Utriculastra (Tornastra) culcitella (Gould, 1852);
Marcus, 1977: 22
Utriculastra (Tornastra) eximia (Baird, 1863); Marcus, 1977: 19
Cylichnella eximia (Baird, 1863)
6. Cylichnella oryza (Totten, 1835)
Cylichnella oryza (Totten, 1835); Marcus, 1958: 8
7. Cylichnella knockeri (Smith, 1872)
Utriculastra (Tornastra) knockeri (Smith, 1872);
Marcus, 1977: 25
8. Cylichnella rolleri (Marcus, 1977)
Utriculastra (Tornastra) rolleri Marcus, 1977: 29
Other species possibly belong in the genus Cylichnella (Marcus, 
1958: 8; Marcus, 1977: 6) but cannot be assigned with certainty
until they have been studied morphologically.
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Chapter I: Key to Lettering
a - ampulla 
ag - albumen gland 
cb - bursa copulatrix 
c - cerebral ganglia 
g - genital ganglion 
ga - genital aperture 
me - membrane gland 
mg - mucous gland 
ot - ovotestis 
p - penis
pa - parietal ganglion 
pi - pleural ganglion 
pr - prostate 
rs - receptaculum seminis 
sb - subintestinal ganglion 
sp - supraintestinal ganglion 
v - visceral ganglion
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Plate I
Figure 1. Cylichnella canaliculata central nervous system 
(scale = 1.0 mm)
Figure 2. Cylichnella canaliculata reproductive system 







Figure 3a. Cylichnella culcitella reproductive system 
(scale = 1.0 mm)
b. C^. culcitella receptaculum seminis
Figure 4. Cylichnella bidentata reproductive system 









Figure 5. Cylichnella oryza shell 
(scale = .3 mm)
Figure 6. (J. oryza radular teeth




Figure 7. Cylichnella oryza gizzard plates 
(scale = .5 mm)
Figure 8. oryza central nervous system 




Figure 9. Cylichnella oryza reproductive system 
(scale = .25 mm)
Figure 10. £. oryza penis





SYSTEMATICS AND PHYLOGENY OF THE 
AGLAJIDAE (OPISTHOBRANCHIA rMOLLUSCA)
Introduction
The Aglajidae is a family of predatory opisthobranchs consisting 
of approximately 60 described species from throughout the world. Their 
systematics, and more precisely the separation of genera, has historically 
been the source of confusion. The priority of Aglaja Renier, 1807 and 
Doridium Meckel, 1809 has been the subject of disagreement confounded 
by the usage of a vernacular name, a nomen nudum, and the fact that 
Renier's work was rejected for nomenclatorial purposes (Lemche, 1972).
This conflict was resolved with the placement of Aglaja tricolorata 
Renier, 1807 and A. depicta Renier, 1807 on the Official List of Specific 
Names in Zoology along with Aglaja on the generic list and the simultaneous 
invalidation of Doridium (ICZN, 1977).
Rudman (1972a, b) reinstated Philinopsis Pease, 1860 and Melanochlamys 
Cheeseman, 1881 which had previously been,, considered as junior synonyms 
of Aglaj a.
The status of Navanax Pilsbry, 1895 has also been unstable. Cooper 
(1862) described Strategus and the following year erected Navarchus to 
replace the junior homonym of Strategus Hope, 1837 (Coleoptera). Pilsbry 
(1895) established Navanax to supplant Navarchus Cooper, 1863, a junior 
homonym of Navarchus de Fil. et Ver., 1857 (Pisces). Navanax has been 
regarded as a junior synonym of Chelidonura (Marcus and Marcus, 1970a) 
and of Aglaj a (Rudman, 1974).
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Rudman (1974) significantly clarified the generic limits within the 
Aglajidae, based on substantative morphological comparison of the external 
body form, diaphragm, labial glands, digestive system, reproductive 
system, penis and shell.
The union of Navanax with Aglaja is subject to question. Rudman 
(1974) stated that he was unfamiliar with the body shape of living members 
of Aglaja but regarded them as similar to Philinopsis. This statement is 
contradictory to my observations of members of Aglaj a and Navanax and 
further discussion is warranted.
Rudman (1974) placed 23 species in an incertae sedis category.
Based on the fact that important morphological data were lacking, these 
species could not be confidently placed within genera. I believe that 
the revised generic diagnoses presented in this paper allow for the 
allocation of many of these species. Rudman was correct in stating that
the lack of data does not permit the taxonomic placement of some species.
A discussion of the available morphological data and the tentative, revised 
status of members of this category is provided.
Following Rudman's (1974) study two aglajid genera have been described, 
Pseudophiline Habe, 1976 and Odontaglaja Rudman, 1978. Habe also trans­
ferred Philinorbis Habe, 1950 from the Philinidae to the Aglajidae. The
taxonomic position of these genera is discussed.
This paper reevaluates seven morphological criteria examined by 
Rudman along with several additional characteristics to more precisely 
define the limits of the component aglajid genera. The limits of each of 
the six genera considered in this study are defined by means of a detailed 
comparison of morphological variability. Following the analysis of each
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genus is a discussion of those species of that genus for which the 
nomeclatural status is altered. A discussion of the variability of each 
of twelve characters and their usefulness in the determination of 
systematic relationships follows. Lastly a discussion of the phylogeny 
of the Aglajidae is presented.
Methods
Twenty-one species of aglajids were examined in the course of this 
study, ten of which were observed alive. Preserved animals were fixed 
in either 70% ethanol or formalin of varying concentration. In addition 
to the species discussed in the test, three other species were studied: 
a single specimen of an unidentified species of Aglaj a (Peabody Museum, 
Yale University) from Palmetto Key, Florida; one specimen of Philinopsis
c.f. pelsunca (California Academy of Sciences) from Naples, Italy; and 
seven specimens of an unidentified species of Chelidonura (Academy of 
Natural Sciences, Philadelphia) from Nosy Be, Madagascar. Whenever 
possible 5-15 specimens of each species were examined, but in several 
instances few or single specimens were available. Type-species of five 
of six genera were examined. Using a dissecting microscope the following 
parameters were studied: general body form, transverse partition of the
body cavity, labial glands, digestive system, reproductive system, penis, 
shell, gill, sensory mounds, central nervous system, egg mass as well as 
the ecological role of the species.
Aglaj a Reiner, 1807 
Head shield variously lobed or rounded. Posterior shield with short 
to moderate caudal lobes, often with "flagellum". Single pair of sensory
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mounds present on head. Eyes anterior, dorsal or internal. Gill
simply plicate. Shell completely calcified; narrow or expanded. Dorsal
and ventral labial glands present. Buccal mass large, generally bulbous
and muscular. No separate genital ganglion present. Receptaculum
seminis proximal to genital atrium. Mucous gland with single lobe.
Hermaphroditic duct with branch to albumen/membrane glands. Penis
simple or complex. Type: Aglaja tricolorata Reiner, 1807 by subsequent
designation, Suter, 1913.
*+ 1. A. tricolorata Renier, 1807
Doridium membranaceum Meckel, 1809; Rudman, 1974
2. A. felis Marcus & Marcus, 1970
3. A. hummelincki Marcus & Marcus, 1970
* 4. A. minuta Pruvot-Fol, 1953
*+ 5. A. ocelligera (Bergh, 1893)
Doridium ocelligerum Bergh, 1983
Aglaja ocelligera (Bergh, 1893); Pilsbry, 1896
Doridium adellae Dali, 1894
Chelidonura phocae Marcus, 1961
Aglaja phocae (Marcus, 1961), Rudman, 1974
*+ 6. A. orientalis Baba, 1949
* 7. A. pusa Marcus & Marcus, 1967
*+ 8. A. regiscorona Bertsch, 1972
* 9. A. taila Marcus & Marcus , 1966
*+ 10. A. unsa Marcus & Marcus, 1969
* discussed in text + examined in this study
Discussion of Aglaj a 
Of the aglajid genera, Aglaja has been most poorly studied. Of 
the five species examined here, only one has been completely examined. 
The external morphology of Aglaja is variable (Table 1). The anterior
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margin may be lobed, but is rounded in most species. In all cases 
the caudal lobes are more elaborate than in Melanochlamys and may possess 
a distinct flagellum on the lobe. A secondary flagellar process is 
wanting in the majority of species. The eyes of Aglaj a are variable in 
position; they may be located at the surface, dorsally or anteriorly, or 
below the surface within the body cavity. The position of the eyes has 
not been described for A. pusa or A. taila. The gill is simply plicate.
The shell of Aglaj a is completely calcified where is has been 
described. The shape is of two distinct types: a thin curved structure
similar in size to the calcified portion of the shell of Philinopsis and 
most Navanax species where it occupies only the posterior fourth of the 
shell cavity; or with an expanded but completely calcified wing (fig. 6) 
as in Chelidonura and Melanochlamys where the shell occupies most of the 
shell cavity. The shell has not been described for A. felis.
The digestive system is more variable than previously descirbed.
Rudman (1974) stated that there are no dorsal labial glands in Aglaj a; 
yet they are present in the five species I studied. Rudman described the 
pharynx of Aglaja as large and bulbous. Its length approximates one third 
of the total body length. In A. orientalis the pharynx is tubular and 
thin walled as in some species of Philinopsis while in the rest of the 
species for which it is described it is muscular and bulbous.
The central nervous system (fig. 1) is euthyneurous with the retention 
of an elongate visceral loop. The visceral and subintestinal ganglia are 
immediately adjacent to each other at the posterior limit of the body 
cavity. There is no distinct genital ganglion. The paired pleural, 
cerebral and pedal ganglia are distinct and comprise the circum-esophageal

































































nerve ring. The supraintestinal ganglion is situated within the nerve 
ring, posterior to the right pleural ganglion.
The reproductive system of Aglaj a is consistent with that described 
by (Rudman, 1974). Rudman questioned the variability of the branching 
of the hermaphroditic duct to the female gland mass prior to its entrance 
into the common genital atrium. He stated that the hermaphroditic duct 
branches in Aglaj a ocelligera (as A. phocae) but questioned whether it 
branched in other species. Vayssiere (1880) depicted an unbranched 
hermaphroditic duct for the type, A. tricolorata. Examination of specimens 
of A. tricolorata in the present study revealed that the duct is indeed 
branched. Similarly, branching of the hermaphroditic duct was found in 
A. orientalis, A. unsa and A. regiscorona. It appears that a branched
oviduct is present in all Aglaj a species as in Chelidonura, Navanax and
Melanochlamys.
The penis of Aglaj a is variable in form. Marcus & Marcus (1966) 
described four penial types, of which three are present in Aglaj a. A 
simple penis (fig. 2) is present in six species. Marcus & Marcus (1966, 
1969) stated that the penis of A. taila and A. unsa was distinct from 
the simple penis found in the above species as the prostate traverses
the penial retractor muscle. I feel that this is basically a simple penis.
In Aglaj a regiscorona the penis (fig. 3) possesses two distinctly different 
prostatic glands and has a club-shaped papilla. The penis of A. pusa is 
type D (Marcus, 1966). This type (fig. 4) possesses a short prostate 
with a large coiled penial papilla and is also present in several species 
of Philinopsis. The penis has not been described for Aglaj a minuta. In 
all cases for which it is described the penis, including prostate is longer 
than the pharynx.
Discussion of Species Placed in Agla.ja
Aglaja minuta Pruvot-Fol, 1953
Pruvot-Fol (1953) described color, body shape and shell of A. 
minuta. The moderately elongate caudal lobes rounded head and fully 
calcified shell suggest its placement in Agla.j a. Pruvot-Fol depicted the 
anterior end of the head (1953, pi. II, fig. 29). This figure and the 
general body shape bear a strong resemblance to that of A. hummelincki 
(Marcus & Marcus, 1970b, fig. 4, 5). While only the conchiolin portion 
of the shell of A. hummelincki remained, it was described as longer than 
wide, as in A. minuta. The penis was not described for A. minuta. The 
coloration of the two species appears to differ. Since A. minuta was 
described from West Africa and A. hummelincki from Puerto Rico the 
possibility that they may be conspecific should be further investigated. 
Aglaja ocelligera (Bergh, 1894)
Bergh (1893) described Doridium ocelligerum from Alaska based on 
specimens collected by Dali. Dali (1894) described Doridium adellae from 
a specimen dredged from Puget Sound, Washington. Both taxa were dark 
purple with yellow spots and a narrow, completely calcified shell. Despite 
the fact that D. adellae was described as lacking a flagellum the figure 
of the species (Pilsbry, 1896, PI. 9, fig. 22) appears to possess a small 
flagellum. Owing to these similarities and their geographical proximity, 
the two species are here considered synonymous, with Aglaja ocelligera as 
senior synonym.
Marcus (1961) described Chelidonura phocae from Tomales Bay, 
California, in a complete anatomical account. In the original description 
Marcus compared this species only with species of Chelidonura. Rudman
31
(1974) transferred the species to' Aglaja and noted the similarity of the 
penis to that of A. ocelligera. The coloration, external morphology, 
shape of the shell and reproductive system are identical in both taxa. 
Repeated collections from the type locality have yielded no specimens which 
are distinct from A. ocelligera. There is no basis for maintaining the 
separation of the taxa and A. phocae is here regarded as a junior synonym 
of A. ocelligera (Bergh, 1893).
Aglaja orientalis Baba, 1949
Baba (1949) described the body shape and coloration of A. orientalis. 
Rudman (1974) placed this species in incertae sedis. The external body 
form is elongate with moderate caudal lobes.
The following description of A. orientalis is based on a single 
specimen which I collected from Kaneohe Bay, Oahu, Hawaii: Animal 12 mm
long preserved. Living animal with bilobed outer margin of the head 
shield, truncated posteriorly. Gill simply pinnate. Shell higher than 
broad, completely calcified. Ventral labial gland larger than dorsal 
gland. Buccal mass 4 mm long, tubular, less muscular than most aglajid 
species. Crop thin walled and spherical. Nervous system euthyneurous, 
without distinct genital ganglion. Reproductive system (fig. 5) with 
diffuse ovotestis partially embedded in digestive gland. Preampullary 
duct short, empting into enlarged, straight ampulla. Post ampullary duct 
narrow giving rise to large, saccate receptaculum seminis near middle of 
its length. Female gland mass with massive single lobed mucous gland, 
nodular albumen gland, small membrane gland entering common atrium. 
Hermaphroditic duct branching to albumen gland prior to entry into common 
atrium. Bursa cofJulatrix large, spherical, entering common atrium. Penis
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(fig. 2) 5 mm long, consisting of small sheath with short, conical 
papilla. Prostate elongate, thickened in posterior two-thirds.
The species is readily assignable to Aglaja as it has a bilobed 
anterior margin, completely calcified shell, moderately elongate caudal 
lobes and reproductive system with a proximal receptaculum seminis and 
elongate penis.
Aglaj a pusa Marcus & Marcus, 1967
Rudman (1974) could not confidently place this species in a genus 
although the anatomy was largely described (Marcus & Marcus, 1967).
The species is known from a single specimen collected from Florida. The 
head shield is largely bilobed with a truncate posterior termination of 
the cephalic shield. The caudal lobes are moderate and rounded. The 
shell was described as completely calcified with three spines on the 
dorsal surface. The penis is type D (Marcus & Marcus, 1966). All the 
described anatomical features with the exception of the penis suggest 
that A. pusa should he placed in Aglaj a. A penis of this type is only 
known from species of Philinopsis (Rudman 1972a). However, several genera 
are known to possess more than a single type of penis. Species of 
Melanochlamys have a type A or C penis, while in Philinopsis there are 
species with types A or D. In view of the variability of penial structure 
in the Aglajidae, and the extreme similarity of the rest of the morphology 
to Aglaja, I feel that A. pusa is most correctly placed in Aglaja.
Aglaja regiscorona Bertsch, 1972
Aglaja regiscorona was described (Bertsch, 1972) from several 
specimens collected from the Gulf of California, Mexico. The coloration, 
external morphology and shell were described. Based on Bertsch's descrip­
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tion it is difficult to place A. regiscorona in any genus.
The following description is based upon the examination of a paratype 
of A. regiscorona (California Academy of Sciences, Invertebrate Type 
Collection #553): Animal 3.5 mm long with a rounded anterior margin of
the head. Anterior border of the head with two large eyes, visible at 
the surface. Posterior limit of the head shield trilobed. Caudal lobes 
short, more elongate than Melanochlamys. Gill simply plicate with four 
leaflets. Shell (fig. 6) completely calcified, occupying majority of 
shell cavity [Bertsch (1972, figs. 2-5) depicted the shell as being 
rectangular in the distal portion, but the shell appears to have been 
damaged in several places]. Ventral labial gland larger than dorsal 
gland. Pharynx 1.4 mm bulbous, muscular. Central nervous system without 
separate genital ganglion. Reproductive system (fig. 7) with receptaculum 
seminis entering hermaphroditic duct near the middle of its length. Penis 
(fig. 3) with two distinct prostatic areas, different in shape and 
texture. Papilla club shaped, unarmed.
There is little doubt that Aglaj a regiscorona is correctly placed in 
Aglaj a. It most closely approaches A. minuta and A. pusa but differs in 
its uniquely lobed posterior termination of the head shield.
Aglaja taila Marcus & Marcus, 1966
Marcus & Marcus (1966) described much of the anatomy of this species.
The anteriorly bilobed head shield is short. The caudal lobes are 
elongate with a distinct "flagellum". The shell is completely calcified 
and narrowly coiled, occupying the posterior third of the shell cavity.
The penis is simple with an elongate prostate which traverses the penial 
retractor muscle. These characteristics confirm that the species is properly 
placed in Aglaja.
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Agla.j a unsa Marcus & Marcus, 1969
Marcus & Marcus (1969) described external morphology, coloration, 
pharynx, eyes and penis of the species. The shell was decalcified. I 
Was able to examine a specimen from Cananeia, Brazil, kindly sent by Dr. 
Eveline Marcus, on which the following description is based: Shell
completely calcified occupying the posterior third of shell cavity. 
Reproductive system (fig. 8) typical of Aglaja. Penis as described by 
Marcus & Marcus (1969). Pharynx bulbous and muscular, approximately 
one-third of body length. Nervous system identical to that of A. orientalis.
Chelidonura A. Adams, 1850
Head shield tri or quadri lobed. Posterior shield with elongate caudal
lobes. Single pair of sensory mounds present on head. Eyes anterior, dorsal
or internal. Gill simply plicate. Shell completely calcified, expanded.
Dorsal and ventral labial glands present. Buccal mass small, bulbous and
muscular. Separate genital ganglion present or absent. Receptaculum
seminis entering genital atrium. Mucous gland with single lobe.
Hermaphroditic duct with branch to albumen/membrane glands. Penis simple.
Type: Bulla hirundinina Quoy and Gaimard, 1832, by monotypy.
+ 1. Chelidonura hirundinina (Quoy and Gaimard, 1832)
Bulla hirundinina Quoy and Gaimard, 1832
Chelidonura hirundinina (Quoy and Gaimard, 1832); A. Adams, 1850 
Chelidonura adamsi Angas, 1867; Rudman, 1974
2. C^. amoena Bergh, 1905
3. C. berolina Marcus and Marcus, 1970
4. C^. elegans Bergh, 1900
*+ 5. C^. fulvipunctata Baba, 1938
Chelidonura mediterranea Swennen, 1961 
Chelidonura conformata Burn, 1966
.+ 6. C. inornata Baba, 1949
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7. C. obscura (Bergh, 1901)
Doridium obscurum Bergh, 1901
Chelidonura obscura (bergh, 1901); Rudman, 1974
*+ 8. £. pallida Risbec, 1951
Chelidonura electra Rudman, 1970
9. C. petra Marcus, 1976
* 10. £. philinopsis Eliot, 1903; may be synonymous with
Chelidonura hirundinina
11. £. plebia Bergh, 1900
12. £. punctata Eliot, 1903
* 13. £. sabina Marcus and Marcus, 1970; may be synonymous with
Navanax aenigmaticus
14. C. sandrana Rudman, 1973
* 15. £. sanguinea Allan, 1933
16. £. tsurugensis Baba and Abe, 1959
17. £. varians Eliot, 1903
Chelidonura velutina Bergh, 1905 (in part pi. 3, fig. 5);
Rudman, 1973
18. £. amoena Bergh, 1905
* discussed in text + examined in this study
Discussion of Chelidonura Adams, 1850 
Rudman (1974) described the anatomy of Chelidonura based on a study 
of Chelidonura electra and £. inornata. The anterior margin of the head 
shield is generally tri-lobed and acute. The caudal lobes are extremely 
elongate with the left lobe substantially larger than the right. In C_. 
sandrana Rudman, 1973 the right lobe is substantially reduced.
The eyes of Chelidonura are variable in their location as in Aglaja 
within the dorsal epithelium of the head shield (£. hirundinina, £. 
fulvipundtata) the surface on the antero-dorsal limit of the head
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(C. berolina, £. pallida, £. Inomata), or visible at the dorsal surface 
of the head shield (£. sabina, £. petra) . This characteristic has not been 
described for other Chelidonura species.
The shell of Chelidonura is thinly but completely calcified in all 
accounts with the exception of £. sabina where it has a narrow calcified 
portion with a large anterior membranous wing. It is not certain whether 
this species is properly placed in Chelidonura (see later discussion).
The digestive system of Chelidonura was described by Rudman (1973,
1974). Rudman stated that a dorsal labial gland is wanting in Agla.j a 
and Chelidonura. However, in specimens of Chelidonura hirundinina, £. 
inornata and C. sja. examined in this study, a dorsal labial gland was 
present. It would appear that both dorsal and ventral glands are present 
in all aglajid genera. The buccal mass is small and bulbous as described 
by Rudman, generally 1/8 - 1/5 of the body length.
The nervous system is more variable in Chelidonura than previously 
described. Rudman (1974) indicated that in £. electra there is no distinct 
genital ganglion. However, Risbec (1938) depicted a distinct genital 
ganglion in £. obscura. Subsequently, I have found a genital ganglion in 
£. hirundinina and C. inomata. A specimen of £. pallida studied here 
lacked a distinct ganglion as did specimens of £. sp.
The reproductive system of Chelidonura appears uniform in its morphology 
and has been examined in detail in eight species of Chelidonura. In all 
cases the receptaculum seminis enters the common genital atrium rather 
than the hermaphroditic duct. The reproductive system of £. hirundinina 
(fig. 10) agrees with that described by Rudman (1973) as being typical of 
the genus. The penis in all cases where it is described is simple and
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approximates the length of the buccal bulb. Rudman (1970) described 
£. inornata as lacking a prostate. However, a specimen of C_. inornata 
observed in this study possessed a discrete prostate.
Discussion of Chelidonura species
Chelidonura fulvipunctata Baba, 1938
The coloration and shape of the living animal and penis of 
Chelidonura conformata were described from a single Australian specimen 
(Burn, 1966). The shell had been decalcified due to preservation in 
formalin. £. mediterranea Swennen, 1961 was described from a single 
specimen collected in Turkey. Both species are characterized by having a 
white "w"-shaped patch on the anterior portion of the head shield. jC. 
fulvipunctata Baba, 1938, from Japan shares this characteristic. The 
description was limited to the coloration and external morphology. Rudman 
(1970) noted that (]. conformata may be synonymous with C_. fulvipunctata.
The only difference in the description of C. conformata and that of 
C^. fulvipunctata is the presence of red pigment in the former. Similarly, 
Swennen (1961) differentiated £. mediterranea from C_. fulvipunctata on 
the basis of the presence of a medial white stripe on the head shield and 
orange spots.
Specimens of (]. fulvipunctata from Guam (Carlson and Hoff, 1971) and 
specimens which I collected from Hawaii all possessed red-orange pigment 
spots arranged in the fashion described for C. conformata and C. mediterranea. 
A single Hawaiian specimen possessed a white medial line on the head shield 
as described for C. mediterranea. The shell of an animal from Hawaii 
(fig. 9 ) agrees with that described for J]. mediterranea. Despite the
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fact that the internal anatomy of the three species remains largely 
unknown it is most probable that they are conspecific, with C. fulvipunctata 
being the senior synonym.
Chelidonura electra Rudman, 1970
In his description of Chelidonura electra, Rudman (1970) stated 
that it was similar to Cl. pallida Risbec, 1951; that they could be separated 
externally only by the presence of an additional black line in the case 
of pallida. He stated that color differences in Chelidonura are usually 
those of pattern rather than presence or absence of pigment. JC. hirundinina 
may lack white, blue or orange pigment in specimens from the same locality 
in the Hawaiian Islands. Rudman (1972a) described remarkable color 
variation in Philinopsis cyanea involving a high degree of variability in 
the presence or absence of various pigments. A single specimen of 
Chelidonura was collected and photographed in Singapore by Dr. Larry G. 
Harris of the University of New Hampshire. The specimen is identical with 
Risbec's description of £. pallida as it possesses a black marginal line. 
Rudman questioned whether the parapodia in CL pallida were smaller than in 
(L electra. The animal photographed by Harris indicates that they are as 
large as those of £. electra. Unfortunately the specimen was not preserved 
and the internal morphology could not be compared with that of (L electra. 
The external morphology is identical to that of C. electra most notably in 
the possession of thick elongate caudal lobes and the position of the eyes 
on the surface of the antero-dorsal margin of the head are the same in both 
cases. Based on the above information I prefer to regard C. electra 
Rudman, 1970 as a junior synonym of C_. pallida Risbec, 1951.
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Chelidonura petra Marcus, 1976
Chelidonura petra was described from a single specimen collected 
from Brazil (Marcus, 1976). The external anatomy, shell, anterior portion 
of the nervous system and reproductive system were descirbed. The 
relationships of the albumen and membrane (capsule) glands are questionable 
based on their unusual morphology and should be reexamined. The position 
of the receptaculm seminis was distal, entering the common atrium. These 
anatomical features analyzed by Marcus support the placement of the species 
in Chelidonura.
Chelidonura philinopsis Eliot, 1903
Rudman (1973) noted the similarities of body shape and pattern 
between £. philinopsis and £. hirundinina. He discussed the relatively 
stable color pattern of £. hirundinina. As discussed above, the coloration 
of individuals in a single population I studied in Hawaii varied sub­
stantially. However, all specimens had a black ground color as opposed to 
the tan coloration of C^. philinopsis. The penis of _C. hirundinina from 
Hawaii (fig. 11) is identical to that described by Rudman from _C. philinopsis. 
It is likely that Ck philinopsis is synonomous with C.. hirundinina but 
further compairson is necessary to substantiate this suggestion. One 
feature which might shed some light on this matter would be whether specimens 
attributable to C^. philinopsis possess a distinct genital ganglion as 
found in C. hirundinina.
Chelidonura sabina Marcus and Marcus, 1970
The taxonomic position of C. sabina is not immediately apparent.
Marcus and Marcus' (1970b) description of the reproductive system suggests 
that the species should be placed in Chelidonura as the receptaculum
seminis enters the common atrium rather than the hemaphroditic duct. 
However, several features suggest that the species may be better placed in 
Navanax. There are two distinct pairs of sensory areas on the anterior 
surface. The large dorsal eyes are surrounded by translucent halos. The 
shell contains a narrow calcified portion with a large membranous wing.
The penis appears to contain two fused prostatic portions. Marcus and 
Marcus noted that the morphology of C^. sabina was similar to that of 
Navanax aenigmaticus (as £. evelinae) as are the coloration and pattern. 
Marcus and Marcus stated that the penis of C. sabina differed from 
N. aenigmaticus in the greater relative length of the penial papilla and 
the presence of two cuticular warts on the papilla. However, it should 
be noted that the length of papilla can vary substantially depending on 
its degree of extension at the time of preservation. The location of 
the receptaculum seminis should be reinvestigated to determine if it 
enters the common atrium as originally described.
Chelidonura sanguinea (Allan, 1933)
The external morphology, coloration and shell were described by 
Allan (1933). The lobed anterior margin of the head, the elongate caudal 
lobes and the completely calcified shell suggest that this species is 
best placed in Chelidonura. Further morphological examination is required 
to substantiate this tentative placement.
Melanochlamys Cheeseman, 1881 
Head shield rounded. Posterior shield with short caudal lobes. Single 
pair of sensory mounds present on head. Eyes internal. Gill simply 
plicate. Shell completely calcified, expanded. Dorsal and ventral labial 
glands present. Buccal mass of variable length, bulbous and muscular.
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Separate genital ganglion present or absent. Receptaculum seminis
entering common atrium. Mucous gland bilobed. Hermaphroditic duct with
branch to albumen/membrane glands. Penis simple or complex. Type:
Melanochlamys cylindrica Cheeseman, 1881, by monotypy.
+ 1. Melanochlamys cylindrica Cheeseman, 1881
*+ 2. M. diomedea (Bergh, 1893)
Doridium diomedum Bergh, 1893
Aglaja diomedea (Bergh, 1893); Pilsbry, 1896
Agla.j a nana Steinberg and Jones, 1960; Gosliner and Williams, 1975 
Melanochlamys diomedea (Bergh, 1893); Rudman, 1972 
Melanochlamys nana (Steinberg and Jones, 1960); Rudman, 1972
* 3. M. ezoensis (Babe, 1957) may be synonymous with
Aglaj a ezoensis Baba, 1957 Melanochlamys diomedea 
Melanochlamys ezoensis (Baba, 1957); Rudman, 1972
4. M. henri (Burn, 1969)
Aglaj a henri Burn, 1969
Melanochlamys henri (Burn, 1969); Rudman, 1972
5. M. lorrainae (Rudman, 1968)
Aglaja lorrainae Rudman, 1968
Melanochlamys lorrainae (Rudman, 1968); Rudman, 1972
* 6. M. maderense (Watson, 1897)
Doridium maderense Watson, 1897
7. M. queritor (Burn, 1958)
Aglaja queritor Burn, 1958
Melanochlamys queritor (Burn, 1958); Rudman, 1972
8. M. seurati (Vayssiere, 1926)
Doridium seurati Vayssiere, 1926
Melanochlamys seurati (Vayssiere, 1926); Rudman, 1972 
* discussed in text + examined in this study
Discussion of Melanochlamys Cheeseman, 1881 
Melanochlamys is distinguished from the other aglajid genera by 
several unique features: strongly and completely calcified shell occuping
a major portion of the posterior shield; tubular albumen and membrane glands 
continuous; caudal lobes short and blunt at their apices; head shield rounded
anteriorly, and truncate posteriorly; eyes not visible externally, lying 
well within the body cavity. Rudman (1972b) described the nervous 
system of M. cylindrica and indicated that a distinct genital ganglion is 
situated immediately anterior to the visceral ganglion. However, my 
observations of M. diomedea reveal that the genital ganglion is fused with 
the visceral ganglion, as in the vast majority of aglajids. I have also 
noted variation of this aspect of the nervous system in Chelidonura. As 
indicated by Rudman (1974) the membrane, which separates the anterior 
organs from the separate digestive gland/reproductive system complex, is 
a well developed vertical fibrous structure. The posterior reproductive 
organs of M. diomedea are as described by Rudman (1972b) for M. cylindrica. 
Rudman accurately described the penis of M. diomedea.
Discussion of Species Placed in Melanochlamys 
Melanochlamys diomedea (Bergh, 1893)
The external morphology, coloration and shell of Aglaj a nana were 
described by Steinberg and Jones (1960) from specimens collected in 
central California. Rudman (1974) placed the species in Melanochlamys. 
Gosliner and Williams (1975) synonomized M. nana with M. diomedea (as 
Aglaja). Subsequently I have examined the paratype specimen of A. nana 
(California Academy of Sciences, Invertebrate Zoology Type Series, Paleo, 
type #12176). Steinberg and Jones stated that the shell of A. nana is more 
thinly calcified with a short right posterior extension. However, the 
conchiolin portion of the decalcified shell of the paratype possess a 
more elongate margin as in M. diomedea. Steinberg and Jones stated that 
the mottled color pattern of M. nana differs from the uniform black-brown
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pattern of M. diomedea. However, the coloration present within a single 
population of M. diomedea can vary from black to mottled to pure white.
The penis of M. diomedea differs markedly from the simple type found in 
other members of the genus (Rudman, 1972b). -It is Complex with an elongate 
prostate, a seminal vesicle which transverses the length of the retractor 
muscle, and a muscular papilla with a cuticular apex. The penis of M. nana 
has this same structure. The only difference is that the papilla is more 
slender than that described by Rudman or in a specimen of M. diomedea from 
Bodega Bay, California. However, Marcus (1961) depicted a more slender 
papilla for M. diomedea which is similar to that in the paratype of M. nana. 
Based on the above considerations there is little basis for separating 
the two species and M. nana (Steinberg and Jones, 1960) should remain as 
a junior synonym of M. diomedea (Bergh, 1893).
Melanochlamys ezoensis (Baba, 1957)
Baba (1957) described M. ezoensis from a single specimen collected 
from northern Japan. The external form and coloration were described.
The coloration was indicated as yellow with numerous grey to black 
speckles. Baba stated that the species was possibly distinct on the basis 
of its unique coloration. However, M. diomedea, from the Pacific coast of 
North America, exhibits the same color pattern. The body shape is also 
very similar between the two species. It is interesting to note that 
the fauna of northern Japan is very similar to that of the northern Pacific 
coast of North America and there are numerous species in common. It is 
likely that M. ezoensis is a synonym of M. diomedea but until the internal 
morphology of the former is known they are best regarded as separate species. 
Melanochlamys maderense (Watson, 1897)
Watson (1897) described the external morphology and shell of
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Doridium maderense from specimens collected off the coast of Madeira.
The color is white with crimson spots. The caudal lobes are short and 
truncate and the shell is completely calcified. These factors suggest 
that this species possibly belongs in Melanochlamys. The coloration is 
similar to that of M. seurati Vayssiere, 1926 except that M. seurati lacks 
red pigment spots. Owing to the fact that the internal anatomy has 
not been described for either species, any further comparison is impossible, 
at present.
Navanax Pilsbry, 1895
Head shield quadri-lobed. Posterior shield with elongate caudal lobes.
Two pairs of sensory mounds present on head. Eyes at dorsal surface.
Gill compound, pinnate. Shell calcified only at the base or completely
calcified; expanded. Dorsal and ventral labial glands present. Buccal
mass large, bulbous and muscular. Separate genital ganglion absent.
Receptaculum seminis proximal to genital atrium. Mucous gland with
single lobe. Hermaphroditic duct with branch to albumen/membrane glands.
Penis simple, shorter than buccal mass. Type: Strategus inermis Cooper,
1862, by monotypy.
*+ 1. N. inermis (Cooper, 1862)
Stragegus inermis Cooper, 1862
Navarchus inermis (Cooper, 1862); Cooper, 1863
Doridium purpureum Bergh, 1893
Navanax inermis (Cooper, 1862); Cooper, 1863
Agla.j a bakeri MacFarland, 1924; Gosliner and Williams, 1972
Chelidonura inermis (Cooper, 1862); Marcus and Marcus, 1970
Agla.j a inermis (Cooper, 1862); Rudman, 1974
*+ 2. N. aenigmaticus (Bergh, 1893)
Posterobranchaea maculata d'Orbigny, 1837, (nomen oblitum) 
Doridium gemmatum Morch, 1863, (nomen oblitum)
Doridium puctilucens Bergh, 1893, (nomen oblitum)
Navarchus aenigmaticus Bergh, 1893
Navanax inermis (Cooper, 1862); Pilsbry, 1895
Chelidonura africana Pruvot-Fol, 1953
(in part, PI. Ill, figs. 38, 39)
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Chelidonura evelinae Marcus, 1955
Agla.j a gemmata (Morch, 1863); Marcus and Marcus, 1967
Aglaja punctilucens (Bergh, 1893); Marcus and Marcus, 1967
Chelidonura nyanyana Edmunds, 1970
Chelidonura evelinae dica Marcus and Marcus, 1970
Aglaja evelinae evelinae (Marcus and Marcus, 1970); Rudman, 1974
Aglaja evelinae dica (Marcus and Marcus, 1970); Rudman, 1974
* 3. N. berrieri (Dieuziede, 1935)
Doridium berrieri Dieuziede, 1935
*+ 4. N. polyalphos (Gosliner and Williams, 1972)
Chelidonura polyalphos Gosliner and Williams, 1972
* discussed in text + examined in this study
Discussion of Navanax Pilsbry, 1895 
There are several consistent differences between Navanax Pilsbry,
1895 and Aglaja Renier, 1807. Externally, the body form of Navanax more 
closely resembles Chelidonura. The lateral portions of the anterior 
limit of the head shield are pronounced in Navanax and when fully extended 
are seimcircular funnels. The lobed portion of the head in Aglaj a is 
never as well developed as in Navanax. Navanax possess two pairs of 
sensory mounds lateral to each side of the mouth where as Aglaj a has a 
single mound on each side. The eyes of Navanax are obvious, externally 
visible structures located at the dorsal surface of the head shield. The 
epithelium covering the ocelli forms a translucent unpigmented halo. In 
Aglaja, as previously described, the condition of the eyes if more variable. 
The gill of Navanax is significantly more elaborate than in other genera. 
This is not a function of body size as the gill of small specimens of N. 
polyalphos possess more plicae than substantially larger species in other 
genera. The gills appear tripinnate as opposed to unipinnate and binnate 
as in Aglaja, Melanochlamys, Philinopsis and Chelidonura (figs. 12 & 13). 
Perhaps this increased surface area reflects the higher metabolic demands
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of active Navanax species.
The digestive system is similar to that of Agla.j a. The pharynx is 
large comprising one third to one half of the body length. The dorsal 
labial gland appears to be smaller than in Aglaj a .
The shell in all species of Aglaj a for which it is described is 
completely calcified. In Navanax the shell is variable, the calcified 
portion of the shell is small and a large conchiolin wing is present 
N. berreri, N. aenigmaticus, N. inermis) (fig. 14) or the shell is completely 
calcified with a wing of moderate size (N. polyalphos) (fig. 15).
The reproductive system in Navanax and Aglaj a is essentially identical 
with the exception of the penis. In all species of Navanax the penis is 
simple with a convoluted papilla and a fused bilobed prostate. The 
penis and prostate complex, in sexually mature individuals, is always 
shorter than the pharynx. In Aglaj a the penis is variable in its structure 
but in all species where it is described it exceeds the length of the 
pharynx. In N. inermis, N. aenigmaticus and N. polyalphos the spermoviduct 
branches to the female gland mass prior to its entrance to the genital 
atrium as in Aglaj a, Chelidonura, and Melanochlamys.
Discussion of Navanax species 
Navanax represents the most homogeneous of aglajid genera. While 
each of the four species considered here possesses a distinct color pattern, 
their morphology is virtually identical.
Navanax inermis (Cooper, 1862)
Navanax inermis differs from other Navanax in several aspects of its 
morphology and biology. The coloration is variable (Marcus and Marcus,
1967; Gosliner and Williams, 1972). The ground color is tan to dark brown
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or black. There are yellow maculations and/or lineations with numerous 
blue spots. Frequently encrustations of opaque white pigment are present 
on the dorsal surface. The penial papilla of N. inermis is well developed, 
conical and is limited to the base of the penial sac in contrast to the 
elongate papilla of N. polyalphos and the short weakly developed convolutions 
forming the papilla in N. aenigmaticus. The egg mass of N. inermis con­
tained 12 to 15 per capsule in a 70mm individual and 2 to 7 eggs per 
capsule in a 25 mm individual. Bandel (1976) reported that the egg mass 
of N. aenigmaticus (as Aglaj a evelinae) contained only a single egg per 
capsule. An egg mass layed by a 30 mm individual collected in Bimini by 
Dr. Robert Robertson also had a single egg per capsule.
Aglaj a bakeri (MacFarland, 19-4) was described from a single specimen 
collected in the Gulf of California. The holotype was reexamined and 
synonymized with Navanax inermis (Gosliner and Williams, 1972).
Bergh (1893) described Doridium purpureum from a single specimen 
collected from Catalina Island off the Southern California coast. Bergh 
described the coloration, external morphology, penis and shell. The body 
was dark brown and red-brown with yellow spots and lines. The specimen 
was contracted so the body shape is difficult to ascertain. The penis is 
simple with black pigment on the penis sac, and a bilobed prostate. The 
shell, while decalcified, was thickened posteriorly. The described 
morphology of I), purpureum is entirely consistent with that of Navanax 
inermis and is therefore regarded as a junior synonym.
Navanax aenigmaticus (Bergh, 1893)
Several described species are similar in coloration but differ in the 
arrangment of the pattern.
Navanax aenigmaticus was described from the Pacific Coast of Panama 
(Bergh, 1893). Mr. Gale Sphon of the Los Angeles County Museum has 
provided me with numerous specimens and photographs of animals collected 
from southern Mexico, the Galapagos Islands and Peru. Ms. Kaniaulono Meyer 
has provided specimens and photographs of animals from the Pacific Coast 
of Panama. These animals are identifiable with N. aenigmaticus. The 
specimens are consistent with the morphological features described by 
Bergh but exhibit more variability in color. Specimens are generally brown 
with cream-white blotches and turquoise blue spots along the inner parapodial 
border. A single specimen from Patilla, Panama City collected by Dr.
David L. Meyer contained dark brown and cream lines as in N. evelinae 
and was collected with specimens which lacked any lineation. Caribbean 
specimens of N. evelinae are lineated with green to brown and cream but 
the lines may be restricted to the anterior shield or cover the entire dorsal 
and ventral surfaces. The differences in appearance between N. aenigmaticus 
and N. evelinae are at best those of patterning rather than color. 
Morphological comparisons of ten specimens of N. evelinae from the Caribbean 
with nine specimens of N. aenigmaticus from the Pacific revealed no con­
sistent differences between any of the specimens. The only variability 
was that the penis sac in several Pacific specimens contained black pigment 
(as in N. polyalphos and N. inermis) while all Atlantic specimens the penis 
sac was unpigmented. However, the degree of pigmentation was variable and 
two specimens from the Pacific lacked pigment entirely.
Marcus (1955) described the receptaculum seminis of N. evelinae as 
entering the hermaphoditic duct near the common atrium. This observation 
was erroneous as all Caribbean specimens of N. evelinae in this study had
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the receptaculum entering the hermophroditic duct far more distally.
There is no morphological basis for separating N. evelinae from 
N. aenigmaticus. Pending breeding experiments on specimens from the 
Atlantic and Pacific, N. evelinae (Marcus, 1955) is regarded as a junior 
synonym of N. aenigmaticus (Bergh, 1894).
Marcus (1976) stated that Chelidonura nyanyana from Ghana is a 
junior synonym of C_. africana Pruvot-Fol, 1953. Her conclusions were 
based upon comparison of coloration since nyanyana was only described 
externally along with the shell. It appears, however, that the description 
of C. africana represents two distinct species. Three specimens were 
illustrated in Plate III. Figs. 38 & 39 depict a juvenile and adult 
which appear to be conspecific, while fig. 37 shows an individual with 
very different coloration and morphology. The second color form lacks 
eyes on the dorsal surface, had reduced caudal appendages, a posteriorly 
emarginate headshield and no visible sensory bristles. Pruvot-Fol did 
not specify from which animal the shell (fig. VI) came. Figs. 38 & 39 
appear to be a Navanax, while the affinities of the other specimesn (fig. 
37) are difficult to ascertain.
Despite the fact that £. nyanyana was only described externally 
(Edmunds, 1968), the quadra-lobed head with two pairs of sensory mounds, 
quadrate posterior margin of the head shield and the moderately elongate 
triangular caudal lobes place it within Navanax.
Marcus (1976) stated that on the basis of coloration, the Caribbean 
N. aenigmaticus (as Aglaj a evelinae) is distinct from West African N. 
africanum (Pruvot-Fol, 1953) [=N. nyanyana (Edmunds, 1968)]. However two 
specimens of N. aenigmaticus collected by Ms. Kaniaulono Meyer from Galeta, 
Panama have orange pigment spots along the edge of the parapodia as in
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N. africanum. Since these animals do not differ from N. aenigmaticus in 
any aspect of their external or internal morphology N. africanum is 
also regarded as a junior synonym of N. aenigmaticus.
Doridium gemmatum (Morch, 1863) was described from a single specimen 
from St. Thomas, Virgin Islands. The coloration was yellow with longitudinal 
black lines and green iridescent spots. The head shield was dilated 
anteriorly and there were narrow reflexed caudal lobes. Doridium 
punctilucens was described by Bergh (1893) from two preserved specimens in 
the Copenhagen Museum, collected from St. Thomas and Guadelupe Islands in 
the Caribbean. The color was light yellow marbled with black lines and 
emerald green spots. The anterior head shield was emarginate and the 
caudal lobes were elongate without flagella. The shell had a small 
calcified portion with a large membranous wing. Marcus and Marcus (1967) 
suggested that I). punctilucens and D. gemmatum were possible synonyms (as 
Aglaja). No comparison of these species with N. aenigmaticus has been 
made but is mandatory owing to their geographical proximity. A preserved 
specimen of N. aenigmaticus which I collected from Florida and several 
specimens from the Caribbean coast of Panama collected by Dr. Hans Bertsch 
which were preserved in alcohol have green pigment spots. The spots were 
turquoise blue in live animals. This would account for the only difference 
in color pattern of the three species. The shell of I), punctilucens is 
comparable with that of N. aenigmaticus. The body shape, based on the 
unfigured descriptions of ID. gemmatum and !D. punctilucens approached that 
of N. aenigmaticus, as well. Therefore ID. gemmatum and D. punctilucens 
are regarded as synonyms of N. aenigmaticus. Despite the law of priority 
D. gemmatum and ID. punctilucens are regarded as nomina oblita and are
therefore suppressed. This is appropriate as neither name had been used 
from 1895 (Pilsbry) until 1967 (Marcus and Marcus).
Posterobranchaea maculata d'Orbigny, 1837 was described from a 
single specimen from Valpariso, Chile. Only the external morphology 
was described. D'Orbigny's figures of the preserved animal show the 
lobed anterior and moderately triangular caudal lobes. The body shape 
is similar to Navanax. The coloration and zoogeographical data suggest 
that it may be synonymous with N. aenigmaticus but must also be regarded 
as a nomen oblitum. Posterobranchus orbignyanus Rochebrune, 1882 was 
superficially described from a single specimen from northern Chile. The 
coloration was black violet with longitudinal yellow lines irregularly 
distributed about the body. No other information in the description is 
provided which aids in the placement of species. It is quite probable 
that the species is also synonymous with N. aenigmaticus and is also 
regarded as a nomen oblitum.
Navanax berrieri (Dieuzeide, 1935)
Dieuzeide (1935) described Doridium berrieri from a single specimen 
from Algeria. He described aspects of the external morphology, color, 
shell and reproductive system, including the penis as follows: Lateral
margins of head lobed. Cephalic shield elongate and terminate posteriorly 
in a quadrate margin. Posterior caudal lobes triangular and moderate 
size. Penis simple with fused, bilobed prostate. Reproductive system 
of a single lobed mucous gland. Receptaculum seminis situated near 
mid-portion of post-ampullary gonoduct. Shell with small calcified portion 
and large membranous wing. Left lateral portion of the wing enlarged 
into triangular extension.
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D. berrieri is here considered as a member of Navanax as all 
described characteristics are compatible with this placement. N. berrieri 
can be separated from other described congeners on the basis of its 
coloration and the possession of an angular extension of the membranous 
portion of the shell.
Navanax polyalphos (Gosliner & Williams, 1972)
As mentioned previously N. polyalphos is unique in having a com­
pletely calcified shell and a proportionately larger penial papilla 
than the other species.
Philinopsis Pease, 1860 
Head shield simply rounded. Posterior shield with short or moderate 
caudal lobes. Single pair of sensory mounds present on head. Eyes 
dorsal or internal. Gill simply plicate. Shell calcified only at 
base, with expanded conchiolin wing. Dorsal and ventral labial glands 
present. Buccal mass large, bulbous or tubular. Separate genital 
ganglion absent. Receptaculum seminis entering genital atrium or 
proximal; with short or elongate duct. Mucous gland bilobed. Hermaphroditic 
duct without branch to albumen/membrane glands. Penis simple or complex. 
Type: Philinopsis speciosa Pease. 1860, by original designation.
+ 1. speciosa Pease, 1860
2. P_. ceylonica (White, 1946)
Aglaja ceylonica White, 1946
Philinopsis ceylonica (White, 1946); Rudman, 1972
+ 3. _P. cyanea (Martens, 1879)
Doridium cyaneum Martens, 1879 
Doridium nigrum Martens, 1879; Rudman, 1972 
Doridium guttatum Martens, 1880; Rudman, 1972 
Doridium marmoratum Smith, 1884; Rudman, 1972 
Doridium capense Bergh, 1907; Rudman, 1972 
Aglaja iwasai Hirase, 1936; Rudman, 1972 
Philinopsis cyanea (Martens, 1879); Rudman, 1972
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*+ 4. P_. depicta (Renier, 1807)
Aglaj a depicta Renier, 1807
Doridium coriaceum Meckel, 1809; Rudman, 1974
Acera camosa Cuvier, 1810; Rudman, 1974
Doridium aplysiaeforme Delle Chiaje, 1825; Pilsbry, 1896
Eidothea marmorata Risso, 1826; Rudman, 1974
* 5. .P. dubia (O'Donoghue, 1929)
Aglaja dubia O ’Donoghue, 1929
6. ]?. gardineri (Eliot, 1903)
Doridium gardineri Eliot, 1903
Chelidonura velutina Bergh, 1905, (in part, PI. Ill, fig. 6);
Rudman, 1972 
Aglaja velutina Bergh, 1908; Rudman, 1972 
Aglaja splendida Risbec. Marcus, 1965; non Risbec, 1951; 
Rudman, 1972
Philinopsis gardineri (Eliot, 1903); Rudman, 1972
7. I?, gigliolii (Tapparone-Canefri, 1874)
Aglaja gigliolii Tapparone-Canefri, 1874
Philinopsis gigliolii (Tapparone-Canefri, 1874); Rudman, 1972
8. P_. lineolata (H. & A. Adams, 1854)
Aglaja lineolata H. & A. Adams, 1854 
Philinopsis lineolata (H. & A. Adams, 1854)
9. P_. minor (Tchang-Si, 1934)
Aglaja depicta var. minor Tchang-Si, 1934 
Philinopsis minor (Tchang-Si, 1934); Rudman, 1972
* 10. P_. nuttalli (Pilsbry, 1895)
Aglaja nuttalli Pilsbry, 1895
* 11. ]?. pelsunca (Marcus and Marcus, 1966)
Aglaja pelsunca Marcus and Marcus, 1966
+ 12. pilsbryi (Eliot, 1900)
Doridium pilsbryi Eliot, 1900
Philinopsis nigra Pease, 1860, (nomen oblitum); Rudman, 1974 
Doridium alboventralis Bergh, 1897; Rudman, 1972 
Aglaja pilsbryi hawaiiensis Pilsbry, 1920; Rudman, 1972 
Philinopsis pilsbryi (Eliot, 1900); Rudman, 1972
13. ]?. splendida (Risbec, 1951)
Aglaja splendida Risbec, 1951
Philinopsis splendida (Risbec, 1951); Rudman, 1972
14. P^. taronga (Allan, 1933)
Aglaja taronga Allan, 1933
Chelidonura aureopunctata Rudman, 1968; Rudman, 1972 
Philinopsis taronga (Allan, 1933); Rudman, 1972
54
15. P.. troubridgensis (Verco, 1909)
Aglaj a troubrldgensis Verco, 1909
Philinopsis troubrldgensis (Verco, 1909); Rudman, 1972
16. P.. virgo (Rudman, 1968)
Agla.1 a virgo Rudman, 1968
Philinopsis virgo (Rudman, 1968); Rudman, 1972 
* discussed in text + examined in this study
Discussion of Philinopsis Pease, 1860
Philinopsis has been well studied recently (Rudman, 1972b). The 
external body form consists of a rounded anterior margin, a rectangular 
head shield with a posterior, elongate flap. The presence of a posterior 
flap appears to be unique to Philinopsis and should therefore be emphasized 
as a diagnostic character. It is not apparent whether this feature is 
present in A. lineolata. The parapodia are fleshy, short and do not 
significantly cover the dorsal shields. The anterior and posterior 
shields are broad giving members of this genus a robust appearance. The 
posterior termination of the animal consists of blunt, quadrate caudal 
lobes which are generally very short as in Melanochlamys. In P_. gardineri 
they are more elongate and pointed than in other members of the genus.
The shell contains a narrow calcareous portion and a large, anteriorly 
directed membranous or weakly calcified wing.
The digestive system was described by Rudman (1972b). The pharynx 
may be bulbous or tubular, occuping most of the anterior portion of the 
body cavity.
The nervous system is identical to that described for Agla.j a, Navanax, 
some Chelidonura and Melanochlamys, without a separate genital ganglion.
The reproductive system of Philinopsis was described as variable 
(Rudman, 1974), but appears to vary even more substantially than previously
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indicated. Rudman stated that the reproductive system consisted of a 
bilobed mucous gland and an unbranched hermaphroditic duct entering only 
the common genital atrium. The receptaculum seminis was described by 
Rudman as entering the common atrium via a short or greatly elongated 
duct. In P^. depicta (fig. 16) a proximal receptaculum seminis enters the 
hermaphroditic duct as in Agla.ja and Navanax in addition to the distal 
receptaculum typical of Philinopsis, Melanochlamys and Chelidonura. The 
penis is simple or complex (types A and D, Marcus and Marcus, 1966).
Discussion of Species Placed in Philinopsis 
Agla.ja depicta Renier, 1807
The morphology of A. depicta has been well studied (Bergh, 1893;
Guiart, 1901; present study). The animal has an anteriorly rounded head 
shield terminated by an elongate flap. The caudal lobes are short 
and blunt. The shell consists of a small calcareous portion and a large 
membranous wing. The animal possesses a large bulbous pharynx and a 
simple penis (type A, Marcus and Marcus, 1966) that equals or surpasses 
the pharynx in length. The posterior portion of the reproductive system 
(fig. 16) contains a receptaculum seminis near the mid-portion of the 
hermaphroditic duct and an additional receptaculum which enters the 
genital atrium. Guiart (1901) also described this structure and referred 
to it as a "reservoir seminal". Rudman (1972b) described a similar structure 
in Philine. I believe that this second receptacle, which enters directly 
into the common atrium, is homologous to the receptaculum seminis of 
Philinopsis, Melanochlamys and Chelidonura. The proximal receptaculum 
which enters the middle of the hermaphroditic duct is homologous to that 
found in Navanax, Aglaja and most other opisthobranchs. The hermaphroditic
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duct is unbranched and enters only the muscular common atrium. The 
mucous gland is bilobed.
The body shape with a large flap on the posterior end of the cephalic 
shield and truncate caudal lobes is typical of Philinopsis. The shell 
is of the type found throughout the genus Philinopsis and some species 
of Navanax. A large simple penis is known in Aglaja and Philinopsis.
The only characteristic of A. depicta which differs from Rudman's (1974) 
diagnosis of Philinopsis is the position of the receptaculum seminis.
The facts that the body form, shell, penis, pharynx, bipartate mucous 
gland and unbranched gonoduct are identical to that described for 
Philinopsis support the placement of Agla.ja depicta in that genus.
Agla.ja dubia O'Donoghue, 1929
O'Donoghue (1929) described the external morphology, shell and 
pharynx of A. dubia. The posterior lobe of the headshield, short blunt 
caudal lobes, large pharynx and shell with a calcified portion and 
membranous wing suggest that the species should be placed in Philinopsis. 
Any attempt to compare A. dubia with other species of Philinopsis is 
meaningless owing to the incomplete description.
Agla.1 a nuttalli Pilsbry, 1895
Aglaja nuttalli was described by Pilsbry (1895) from a single Hawaiian 
specimen. Only the external morphology was described. The headshield 
was anteriorly rounded with a posterior flap. The caudal appendages were 
elongate. The external body form is consistent with Philinopsis and 
resembles P_. gardineri. This species is tentatively placed in Philinopsis. 
Aglaja pelsunca Marcus and Marcus, 1966
The external anatomy, shell, pharynx and penis were described from
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three specimens collected in the Gulf of Guinea (Marcus and Marcus,
1966). The headshield is rounded anteriorly and terminates in a 
posterior lobe. The caudal lobes are short and truncate. The shell 
is calcareous only at the base, with a large membranous wing. The 
penis is of type D (Marcus and Marcus, 1966). The morphological information 
suggests that A. pelsunca should be placed in Philinopsis. Marcus and 
Marcus noted that the coloration of P_. pelsunca was similar to P_. depicta 
but differs in penial morphology. A specimen from the Invertebrate 
Zoology Department of the California Academy of Sciences (F. M. MacFarland 
Collection #859) labeled Aglaja c.f. depicta has a type D penis and may 
be P_. pelsunca. The remainder of its reproductive system (fig. 17) 
resembled ]?. speciosa, P^. troubridgensis and P^. cyanea with an elongate 
receptaculum seminis duct.
Discussion of Pseudophiline Habe, 1976 and Philinorbis Habe, 1950
Habe (1976) in his description of Pseudophiline noted that it lacks 
gizzard plates and a radula and should therefore be alloted to the 
Aglajidae. He stated that Philinorbis resembled Pseudophiline and placed 
it within the Aglajidae, without citing specifics. The morphology of 
both species is largely unknown and must be described before a definitive 
placement can be made. The body shape and shell of Pseudophiline and 
Philinorbis are more similar to that of Philine than any aglajid genera.
The facts that several species of Philine lack gizzard plates (Marcus,
1974), and the radula can be very reduced in some species of Philine 
suggest that they should remain in the Philinidae. I agree with Rudman 
(1972c) that the subdivision of Philine into genera with different shapes 
or on the presence or absence of gizzard plates is unnecessary. Rudman
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is correct in stating that there are intermediates between all of these 
forms and that Philine does in fact represent a cohesive monophyletic 
unit.
Discussion of Odontaglaja Rudman, 1978 
Rudman's (1978) allocation of Odontagla.ja, which possesses a 
radula, to the Aglajidae supports my view that aglajid and philinid 
general should not be assigned solely on the presence or absence of 
gizzard plates and radula.
Incertae sedis
Doridium laurentiana Watson, 1897
Watson (1897) described D. laurentiana from four shells dredged 
from Madeira. The shells were not figured so there can be little 
certainty that D. alurentiana is even in the Aglajidae. If it is an 
aglajid it may belong in Melanochlamys since the shell is strongly and 
completely calcified.
Chelidonura perparvum Risbec, 1928
The placement of this taxon in the Aglajidae is doubtful as the 
shell is largely external. However, the body shape and the sensory 
structures at the anterior end are consistent with the family. 
Chelidonura africana Pruvot-Fol, 1953 (in part, pi. Ill, fig. 37)
(see discussion of N. africana under Navanax)
Evaluation of Morphological Characters 
Rudman (1974) discussed the relative taxonomic importance of 
seven characters. A review of these criteria and the consideration of 
several others is valuable in light of the proposed revision of the 
systematics of the Aglajidae.
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1. external body form
Rudman encountered difficulty in separating the genera Aglaja and 
Philinopsis on the basis of external body form. He stated that on the 
whole they are distinct from Melanochlamys and Chelidonura. The body 
form of the five genera considered here is in each case quite distinct 
(figs. 18-22). A possible source of confusion stems from the fact that 
he considered Philinopsis depicta as belonging to Agla.ja. Rudman 
suggested that the external morphology of Navanax more closely approaches 
Chelidonura rather than Aglaja. External morphology alone generally can 
be used to distinguish genera but complete certainty can be achieved 
only when all morphological criteria are considered.
2. transverse partition
Rudman considered the presence and position of a "diaphragm'' 
as a most valuable characteristic. I agree with his description of a 
fibrous muscular structure in Melanochlamys, which separates the body 
into two distinct cavities. I also concur with his view that this is 
a vestigal homologue of the membrane which separates the anterior body 
cavity from the visceral and mantle organs of cephalaspideans (i.e. 
Scaphander) which retain a more primitive form. I am unable however to 
distinguish differences in this structure in Philinopsis, Agla.ja,
Navanax and Chelidonura. In each case the species of these four genera 
which I studied had a thin membrane which completely enveloped the 
visceral mass. This condition is clearly distinct from that found in 
Melanochlamys. It appears that this character is not as useful as 
previously suggested but requires more rigorous study.
3. labial glands
Rudman (1974) described a unique pattern of distribution of
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labial glands for each of the four genera he considered. On the 
basis of their histological staining properties he distinguished two 
different types of glands. He noted that dorsal and ventral glands are 
present in Melanochlamys and Philinopsis but only ventral glands are 
present in Chelidonura and Aglaja. My examination of twenty species of 
aglajids reveals that all species possess both dorsal and ventral glands 
including members of Aglaja, Chelidonura and Navanax. In Navanax the 
dorsal gland is substantially smaller than in the other genera and is 
restricted to the lateral borders of the mouth. The present material 
has not been examined histologically. The differences in staining 
properties noted by Rudman have several possible explanations. It is 
possible that portions of the same gland stain differently due to 
local activity differences. It is also possible that differences in the 
physiological state of the animals (e.g. recently fed versus starved) at 
fixation produced a particular pattern of staining. There is no indication 
that the animals sectioned were maintained under the same conditions prior 
to fixation nor whether more than a single individual of a species was 
examined. Also, it appears that on the basis of a single species, Rudman 
extrapolated to characterize the entire genus. A great deal more 
histological work must be conducted on the histology of aglajid labial 
glands before they can be considered of taxonomic importance. The fact 
that both dorsal and ventral glands are present in members of all genera 
severely questions the value of this character.
4. digestive system
As Rudman (1974) suggested the most variable feature of the 
digestive tract is the buccal mass. In Odontaglaja it possesses a
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The elaboration of the mucous gland, the branching of the hermaphroditic 
duct and the position of the receptaculum seminis are characteristics 
which vary between genera. Members of Melanochlamys and Philinopsis possess 
a bilobed mucous gland while in Chelidonura, Navanax and Aglaj a the mucous 
gland consists of a single branch. An unbranched hermaphroditic duct 
exists only in Philinopsis. In Melanochlamys, Aglaja, Chelidonura and 
Navanax the hermaphroditic branches to the albumen/capsule gland complex 
as well as entering the common atrium. The presence of two receptacula 
in Philinopsis depicta represents an intermediate stage between the two 
conditions found in the remaining aglajid species. A distal receptaculum 
which enters the common atrium is found in the majority of species of 
Philinopsis, and all species of Melanochlamys and Chelidonura. The 
proximal receptaculum which enters the middle of the hermaphroditic duct 
is retained in Navanax and Aglaja. There is no substantial difference 
between Navanax and Aglaja with regard to the posterior reproductive 
organs.
6. penis
The variability of penial structure in Aglaj a (sensu lato) was 
discussed by Marcus and Marcus (1966). Rudman (1974) suggested that 
the structure of the penis is variable within each aglajid genus but did 
not specify the nature of this variation nor attempt to correlate it 
with the penial types discussed by Marcus and Marcus. Members of each 
genus possess a penis of the simplest form (type A, Marcus and Marcus, 1966). 
In Melanochlamys only M. diomedea varies from this type, having a penis 
with a seminal vesicle and a cuticular spine on the papilla (type C).
Rudman stated that in Philinopsis species with a tubular pharynx possess
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radula, whereas all other species in the family lack a radula entirely. 
Rudman's (1972d) study of the functional morphology of the digestive 
system of Melanochlamys cylindrica and Philinopsis taronga demonstrates 
differences in the mode of feeding. M, cylindrica has a non-eversible 
buccal bulb, while it is eversible in P_. taronga. Rudman has generalized 
from these observations to describe the feeding mode in the various 
aglajid genera. Melanochlamys and Chelidonura are characterized as having 
a non-eversible pharynx while Philinopsis and Aglaja are said to have an 
eversible pharynx. Feeding observations in Melanochlamys are restricted 
to M. cylindrica (Rudman, 1972d). He described feeding in Philinopsis 
taronga. My observations of P_. speciosa support Rudman's view that
members of Philinopsis do indeed have an eversible buccal mass. Dr.
Larry G. Harris of the University of New Hampshire (personal communication) 
has observed an eversible buccal bulb in feeding specimens of Aglaj a
ocelligera. Paine (1964) showed the eversion of the buccal mass of
Navanax inermis. No information is available on the feeding mode of 
Chelidonura, although Rudman assumed that the buccal bulb was non- 
eversible. Further data should be collected to determine the degree 
of variability in feeding method present within the aglajid genera.
Rudman (1974) noted differences in the size, muscularization and 
shape of the buccal bulb. Of particular note is that species of 
Philinopsis may possess a bulbous or tubular buccal mass. I have found 
that the buccal mass of Aglaja orientalis is tubular and less muscular 
than in other members of the genus.
5. reproductive system
Rudman's description of the reproductive system of the Aglajidae 
represents the most significant basis for the separation of genera.
a simple penis while species with a bulbous pharynx have a more complex 
penis (type D). However, P_. depicta, with a bulbous buccal mass, has 
a simple penis. In Chelidonura the penis is simple and the papilla may 
be poorly to well developed. The prostate may be extremely short or 
elongate. In all species of Navanax the penis is simple and substantially 
shorter than the length of the buccal mass with a poorly to well 
developed papilla. The prostate consists of two fused lobes. Rudman 
stated that the penis of Agla.ja appears to be more variable than in 
other genera. This indeed seems to be the case. With the exception 
of Agla.ja pusa which has a type D penis, the remainder of species appear 
to have a variably modified simple penis. In A. fells, A. hummelincki 
and A. orientalis the papilla is simple while in A. tricolorata and 
A. ocelligera it possesses conical cuticular warts. The penis of 
A. taila and A. unsa has a prostate which traverses the penial retractor 
muscle and A. regiscorona has an additional prostate. While I do not 
consider the four types of penis described by Marcus and Marcus as 
distinct, without intermediate forms, nor encompassing the range of 
variation present in the family, I feel that some broader generalization 
about the degree of variation can be made. The fact that all genera 
possess a simple penis and that it is structurally least complex suggest 
that it is the primitive condition. Two genera, Chelidonura and Navanax, 
have species which possess only a simple penis while Philinopsis, Agla.ja, 
and Melanochlamys have representatives which exhibit substantial variation.
7. shell
In his analysis of the shell as a taxonomic character Rudman (1974) 
stated that only Melanochlamys and Chelidonura can be distinguished by 
their shells. However, Rudman did not attempt to observe the degree of
variability within Philinopsis and Aglaj a nor did he fully characterize 
the shell of Chelidonura other than to say that the shell of some species 
has a brownish tinge. In all reports the shell of Chelidonura occupies 
most of shell cavity and is completely and uniformly calcified. The 
shell of Philinopsis is strongly calcified at the base with a weakly 
calcified or membranous wing and occupied most of the shell cavity. It 
should be added that in this type of shell there is a strong demarcation 
between the strong and weakly calcified portions rather than a gradual 
transition. The shell of most species of Navanax is identical to that 
found in Philinopsis. In Navanax polyalohos the shell is completely and 
uniformly calcified as in Chelidonura and has a brown tinge. In Agla.ja 
the shell is dimorphic but always completely and uniformly calcified. In 
some species the shell is a narrow band which occupies only the posterior 
1/4 of the shell cavity while in others it occupies most of the shell 
cavity. While the shell alone cannot be used to distinguish genera it 
is certainly a valuable characteristic which when correlated with other 
criteria is important taxonomically.
8. gill
In most cases the degree of elaboration of the gill can be directly 
related to body size. This is certainly the case within any single genus. 
However, it appears that in Navanax the gill has more pinnations than in 
the other genera. Figure 15 and 16 show the gill of a 30 mm specimen 
of Aglaj a ocelligera and of a 20 mm specimen of Navanax polyalphos. The 
gill in the smaller Navanax specimen is more elaborate than in the larger 
Aglaj a. This appears to be a consistent difference between the two genera 
and is largely independent of size.
9. sensory mounds
One of the unique features of the Aglajidae is the possession of
sensory mounds with numerous bristles over their surface. Similar 
structures are found in Philine, but these mounds lack bristles. In 
Aglaja, Melanochlamys and Philinopsis the mounds and number of bristles 
are not highly developed. In Chelidonura some species have highly 
developed sensory bristles while in other they are not elaborate. All 
species of Navanax are distinct in having mounds which are divided into 
a distinct pair with elaborate bristles on each side of the mouth.
10. central nervous system
The major variation present in the central nervous system is the 
condition of the genital ganglion. Rudman (1972b) described a distinct 
genital ganglion for Melanochlamys, yet in M. diomedea the genital ganglion 
is fused with the visceral ganglion. Rudman (1974) characterized the 
nervous system of Chelidonura as lacking a distinct genital ganglion 
based on his examination of £. electra. I have found that in C^. pallida 
the genital ganglion is indeed fused to the visceral ganglion but in 
iC. hirundinina and £. inomata it is distinct. All species of Navanax, 
Aglaj a and Philinopsis for which the nervous system is described lack 
a distinct genital ganglion. Rudman's (1972c) observations on the central 
nervous system of Philine demonstrates similar variation. My observations 
of Philine confirm this variability in the presence or absence of a 
distince genital ganglion.
11. ecology
Relatively few ecological observation have been made on living 
specimens of the Aglajidae. Paine (1964) studied the prey preferences 
of Navanax inermis and Rudman (1972d) studied feeding in Melanochlamys 
cylindica and Philinopsis taronga.
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Studies on Philinopsis indicate that they generally burrow beneath 
sand surfaces. Rudman has noted this behavior for I?, taronga. ]?. gigliolii 
and ]?. cyanea. My observations of P^. speciosa and pilsbryi in Hawaii 
indicate that they are generally found below the sand surface, as well. 
Rudman (1972d) observed that Philinopsis taronga feeds on Melanochlamys 
cylindrica. Philine auriformis and Haminoea zelandiae and noted (1972a) 
that P_. cyanea feeds exclusively on Bulla ampulla. Guiart (1901) noted 
that jP. depicta feeds on annelids and mo Husks, particularly Philine. 
Tchang-Si (1934) observed that ]?. minor feeds on Philine. Marcus and 
Marcus (1966) noted that the buccal bulb of P_. pelsunca contained 
specimens of Philine aperta and Philine scabra. I have observed P_. 
speciosa prey upon Aplysia parvula. It would appear that members of 
Philinopsis prey largely on other opisthobranchs and are frequently 
infaunal.
Melanochlamys cylindrica is the only species of the genus which 
has been studied ecologically. It is frequently found on the surface 
of coralline turf but has also been found burrowing in mud (Rudman,
1972d). I have observed this species crawling on the fine sand surface 
in Kaneohe Bay, Hawaii, where it is found commonly with Chelidonura 
hirundinina. Rudman observed that this species feeds largely on 
polychaetes and nemerteans. M. diomedea is frequently found burrowed 
under sand (Marcus, 1961; present study). Dieuzeide (1935) noted that 
M. seurati commonly burrows into sand substrate as did Watson (1897) for 
M. maderense. Marcus (1961) noted that the gut of M. diomedea contained 
nematodes, crustacean muscles and sand grains. No other information is 
available on aspects of the ecology of the genus.
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Chelidonura according to all accounts is found on sand or rock 
surfaces and has never been reported as burrowing in soft substrate.
No information on its feeding behavior is available.
Little information on the ecology of Agla.ja is available. Marcus 
and Marcus (1970) noted that Agla.ja felis frequently burrows into sand 
substrate. Subsequently, Thompson (1977) has found this species and 
A. hummelincki crawling on the sand surface in Jamaica. I have frequently 
found A. ocelligera on the California coast where it is most commonly 
found burrowing below the sand surface or at the surface when it is 
depositing egg masses. A single specimen of A. orientalis from Hawaii 
was found just below the sand surface. A. regiscorona (Bertsh, 1972) 
was found crawling on algae on a sandy substrate. Nothing is known 
about the feeding of members of Aglaja.
All accounts of Navanax species indicate that they actively crawl 
on sand and rock surfaces. Paine (1965) observed that Navanax inermis 
is found commonly in open coastal rocky habitats as well as in quiet 
bays on soft substrate. My observations in Calfiomia and Mexico 
support these observations. Specimens in bays tend to be larger, most 
likely due to the higher dnesity of prey in soft substrate habitats. 
Navanax polyalphos has been collected actively crawling on the sand 
surface in the Gulf of California (Gosliner and Williams, 1972).
N. aenigmaticus has also been collected actively crawling on rock and sand 
surfaces (Marcus, 1955; present study). Paine (1964, 1965) studied the 
prey preferences of Navanax inermis. He observed that specimens from 
rocky coastal habitats feed largely on nudibranchs while specimens in 
bays fed largely on the cephalapideans, Bulla gouldiana and Haminoea
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vireacens. He also noted that N. inermis feeds on a gobiid fish.
N. polyalphos has been observed to feed on Haminoea sp. in the field 
(Gosliner and Williams, 1972). While Marcus (1955) noted that the 
gut of N. aenigmaticus (as Chelidonura evelinae) contained polychaetes 
and nemerteans, Dr. Hans Bertsch (personal communication) has observed 
this species feeding on sacoglossan opisthobranchs. Thompson (1977) 
observed N. aenigmaticus (as Agla.ja evelinae) to feed on a polyclad 
flatworm but stated that they most frequently fed upon Tridachia 
crispata.
It appears that Philinopsis, Aglaja and Melanochlamys are frequently 
encountered beneath sand surfaces. They appear to forage for infaunal 
organisms such as polychaetes, nemerteans and mollusks. Philinopsis 
appears to be a specialist on other opisthobranchs. The body shape of 
these species, with a rounded or bluntly lobed head can be considered an 
adaptation to burrowing. These genera also have relatively short 
caudal lobes.
Chelidonura and Navanax are always encountered actively crawling 
on the surface of hard and soft substrates. The higher metabolic demands 
of active Navanax spp. are met by the increased respiratory surface of 
the ctenidium. In both Chelidonura and Navanax the head is highly lobed 
into funnel-like sensory mounds and the sensory bristles are greatly 
elaborated compared to the other genera. The ability of Navanax inermis 
to track prey by following a mucus trail has been well documented (Paine, 
1964). I have watched N. inermis move the sensory mounds from side to 
side as it follows a mucus trail. Navanax is also a voracious and 
specialized predator which receives most of its nutrition from other
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opisthobranchs. Navanax. while closely allied to Aglaja, is ecologically 
far more specialized to feed on surface dwelling opisthobranchs. The 
morphological differences between the two genera can be directly correlated 
with the observed ecological specialization.
12. egg mass
The egg mass of the aglajids for which it is described is uniformly 
pear-shaped with a mucus strand attaching the mass to the substrate 
(Hurst 1969, type c). In Melanochlamys diomedea there may be from one 
to four eggs per capsule (Hurst, 1969). In P_. minor there may be either 
one or two eggs per capsule (Tchang-Si, 1934). In gigliolii there 
are 1-5 eggs per capsule (Hamatani, 1961) and in depicta there are 
3-11 eggs per capsule (Tchang-Si, 1931). In Aglaja ocelligera there is 
a single egg per capsule (Hurst, 1969, as Chelidonura phocae; present 
study). Navanax inermis has multiple eggs per capsule and the number 
appears to depend upon the size of the animal. MacGinite and MacGinite 
(1949) found from 8-22 eggs per capsule in animals from southern 
California while I noted 12-15 eggs per capsule in a 70 mm animal from 
southern California and 2-7 in a 25 mm specimen from the Gulf of 
California. Navanax aenigmaticus possesses a single egg per capsule 
(Bandel, 1977 as Aglaja evelinea; present study). The variability present 
in the number of eggs per capsule in the Aglajidae apperas to be species 
specific.
Systematics and Phylogeny
The Aglajidae contains cephalaspidean opisthobranchs which are 
specialized in most morphological and ecological aspects. Despite the 
degree of specialization shown in detorsion of the mantle complex,
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reduction of the shell and loss of gizzard and radula, the morphology 
of the reproductive system remains essentially unmodified from the 
ancestral opisthobranch condition (Ghiselin, 1965). A monaulic reproductive 
system with an open sperm groove and cephalic penis is present within 
most Cephalaspidea. The affinity of the Aglajidae to the Philinidae has 
long been established. Guiart (1901) and Boettger (1954) suggested that 
the Philinidae gave rise to the Aglajidae while Ghiselin (1965) considered 
them as commonly derived from primitive scaphandrids. The similarity 
of Philine to aglajids, while possibly due to parallelism, seems to 
support the former alternative. The homologies of the reproductive 
system in Philine and the Aglajidae suggest a patristic relationship.
In both taxa the albumen gland is located near the gonopore while in 
the Scaphandridae it is substantially more proximal. The fact that 
several species of Philine lack gizzard plates and one species lacks a 
radula, demonstrate a trend towards the aglajid condition. This relation­
ship is further supported by the discovery of Odontaglaja, which is clearly 
an aglajid, but retains a radula which resembles that of Philine. It 
appears that Ghiselin's statement about parallelism has some basis in 
fact. Some of the more specialized aglajids and philinids show similar 
morphological characters which could have arisen independently following 
the divergence of the two families. These include loss of radula (in 
most aglajids and Philine hayashii), fusion of the genital and visceral 
ganglia and elaboration of the penis complex. The six aglajid genera 
exhibit several modifications from a hypothetical philinid ancestor.
The most obvious change is the loss of the radula in all but Odontaglaja.
The fact that a radula is present supports the hypothesis that the aglajids
arose from a philinid with a radula rather than from an ancestor such 
as Philine hayashii. As members of all genera have a bulbous buccal 
mass which is similar in shape to that of other cephalaspideans, this is 
presumed to be less derived than a tubular mass. The shell of the 
philinid ancestor was most likely broad and uniformly well calcified as 
in Melanochlamys and philinids such as P^. alba and P_. quadrata. The 
transverse partition separating the anterior and posterior body cavities 
is present in Philine, Melanochlamys and most cephalaspideans, but in 
the remainder of the Aglajidae is modified to form a thin membrane. The 
caudal lobes in all philinids, Melanochlamys, Philinopsis, Odontaglaja 
and some Aglaj a are short and blunt while in Chelidonura, Navanax and 
some Aglaj a they are variously elaborated. Only members of Navanax 
possess two pairs of sensory mounds. This appears to represent an elabora­
tion of the single pair of mounds present in other genera. A separate 
genital ganglion is distinct in most primitive cephalaspideans, Philine 
and some Melanochlamys and Chelidonura. Its fusion with the visceral 
ganglion represents a derived state. The branching of the genital duct 
to the albumen/membrane glands;-probably represents the ancestral form, 
although both conditions are present in Philine. I believe this to be 
the case as a branched hermaphroditic duct is present in most members 
of the Scaphandridae. As a bilobed mucous gland is present in all 
described species of Philine, this condition in Melanochlamys, Odontaglaja 
and Philinopsis probably represents the ancestral state. In Aglaja,
Chelidonura and Navanax it is reduced to a single lobe. A proximal recepta­
culum seminis and a distal bursa copulatrix are present in most cephalaspideans 
and is regarded as the ancestral condition in the Aglajidae, as well. The
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possession of only a distal receptaculum in Melanochlamys, Chelidonura 
and most Philinopsis represents a derivation.
Based on the above eleven characteristics and their relative 
ancestral or derived states, a cladogram of the phylogenetic relationships 
within the Aglajidae can be constructed (fig. 23). This cladogram is 
based on a comparison of aglajid species which exhibit the range of 
variability of each character within the family. The cladogram reflects 
the distinctness and monophyletic nature of each of the six aglajid 
genera.
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Chapter II: Key to Lettering
a - ampulla
ag - albumen gland
be - bursa copulatrix
c - cerebral ganglia
ca - calcified portion of shell
ga - genital aperture
m - membranous portion of shell
me - membrane gland
mg - mucous gland
ot - ovotestis
p - penial papilla
pg - pedal ganglia
pi - pleural ganglion
pr - prostate
rs - receptaculum seminis
rsd- distal ceptaculum seminis
rsp- proximal receptaculum seminis
sb - supraintestinal ganglion
v - visceral ganglion
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Figure 1 Agla.ja orientalis 
central nervous system 
(scale =1.0 mm)
Plate I
Figure 2. A. orientalis 
penis
(scale = .3 mm)
Figure 3. Agla.ja regiscorona 
penis
(scale = .2 mm)
Figure 4. Philinopsis c.f.
pelsunca penis 




Figure 5. Agla.ja orientalis reproductive system 
(scale =1.0 mm)
Figure 6. Aglaja regiscorona shell 




Figure 7. Agla.ja regiscorona reproductive system 
(scale = .25 mm)
Figure 8. Agla.ja unsa reproductive system 




Figure 9. Chelidonura fulvipunctata shell 
(scale = .3 mm)
Figure 10. Chelidonura hirundinina reproductive system 









Figure 11. Chelidonura hirundinina Figure 12. 
penis
(scale = .25 mm)
Figure 13. Agla.ja ocelligera gill 
(scale = .5 mm)
Navanax polyalphos 
gill
(scale = .25 mm)
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Figure 14. Navanax aenigmaticus 
shell
(scale = 1.0 mm)
Plate VI
Figure 15. Navanax polyalphos 
shell
(scale = .5 mm)









Figure 17. Philinopsis c.f. pelsunca reproductive system 
(scale = 5.0 mm)
Figure 18. Melanochlamys diomedea living animal 







Figure 19. Philinopsis speciosa living animal 
(scale = 6.0 mm)
Figure 20. Aglaja orientalis living animal 
(scale = 2.5 mm)
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Plate IX
Figure 21. Chelidonura hirundinina living animal 
(scale = 5.0 mm)
Figure 22. Navanax inermis living animal 




Figure 23. Phylogeny of the Aglajidae
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ORIGINS AND RELATIONSHIPS OF PRIMITIVE MEMBERS OF THE 
OPISTHOBRANCHIA (MOLLUSCA: GASTROPODA)
Introduction
The opisthobranch gastropods exhibit diverse morphological form and 
intense adaptive radiation to occupy a variety of niches. An effect of 
the evolution of the subclass is the retention or modification of a 
variety of ancestral (plesiomorphic) morphological characteristics.
Despite the fact that retention of ancestral characters alone does not 
allow for accurate reconstruction of phylogeny, retention of these 
characters permits comparison of the more primitive pulmonates and 
opisthobranchs with each other and with prosobranchs. It has been 
suggested generally (Morton, 1968; Fretter and Graham, 1962; Hyman,
1967) that the Pulmonata and Opisthobranchia are very closely allied and 
may have a common ancestry from members of the prosobranchia. The differences 
in perspective occur in deriving the opisthobranch-pumonate clade from 
specific groups of prosobranchs. Morton (1955) suggested that monoto- 
cardian archeogastropods gave rise to the opisthobranch-pulmonate clade 
while Beottger (1954) and Fretter and Graham (1962) considered the 
Rissoacea-Cerithiacea as the probable stem group. Since neither of these 
alternatives is without flaws, a detailed analysis of these and other 
possible ancestral groups is provided here in addition to a more rigorous 
examination of structural and positional homologies between members of 
the three gastropod subclasses.
Most students of the opisthobranchs have stated that Acteon (Guiart,
1901; Johannson, 1954; Fretter and Graham, 1954; Morton, 1968) or other
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members of the Acteonldae (Rudman, 1972) are the most primitive living 
opisthobranchs. Ghiselin (1965) was the first to suggest that the 
reproductive system of Acteon was modified from a hypothetical ancestral 
state thus removing the Acteonidae from an archetypal model of opistho- 
branch ancestors. Ghiselin did not consider criteria other than the 
reproductive system to support his claim nor did he state which other 
opisthobranch groups might represent a more precise ancestral model.
This paper provides a more complete analysis of members of the Acteonidae 
and in particular the "relative primitiveness" of Acteon as compared to 
other members of the family. Several other opisthobranchs retain certain 
primitive features which support their consideration as early divergences 
from ancestral forms. Specifically the morphology of members of the 
genera Tylodina and Ringicula merits discussion.
Material Examined 
I compared the morphology of eight species of opisthobranchs which 
retain ancestral characteristics. Collection localities and sources of 
material are provided in Table 1.
I examined: shell morphology including elevation of the spire and
degree of calcification, operculum, mantle complex, radula and elaboration 
of the gizzard, degree of streptoneury and cephalization of the nervous 
system, elaboration of the posterior reproduction system, sperm groove 
and penis.
Results and Discussion
I. Definition of Opisthobranchia; included and excluded taxa
The taxonomic interface between prosobranchs, opisthobranchs and 






























locality and depth source of material
N. Atlantic (37°59'n, 69°26'W) 383.4m MCZ
California (36°37'n, 121°53'W) 3m TMG
Seychelles (5°20'S, 55"10'E) 5-13m ANSP
Seychelles (5°20'S, 55°10'E) 5-13m ANSP
Seychelles (5°20'S, 55°10’E) 5-13m ANSP
N. Atlantic (39°55'N, 70°39’W) 498m MCZ
N. Atlantic (37°59’N, 69°26’¥) 3834m MCZ
Gulf of California CAS
New Hampshire (42°58'N, 70°48'W) 0-lm TMG
New Hampshire (42°58'N, 70°48'W) 0-lm TMG
New Hampshire (42°58'N, 70°48'W) 0-lm TMG
Yucatan (20°28'N, 86°48'W) 0-lm TMG
New Hampshire 0-lm TMG
Nova Scotia (45°41’N, 62°42'W) 0-lm TMS
TABLE 1
Explanation of Abbreviations
ANSP - Academy of Natural Sciences of Philadelphia
CAS - California Academy of Sciences
MCZ - Museum of Comparative Zoology, Harvard University
TMG - the author
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retention of prosobranch attributes in the least derived members of the 
two other subclasses. For this reason Opisthobranchs have been the 
receptacle for anomalous gastropods of uncertain affinity. Robertson 
(1973) was correct in stating that most criteria used to separate 
prosobranchs and opisthobranchs have exceptions. The same can be stated 
with regard to the pulmonates relative to the two other subclasses.
Some opisthobranch and pulmonate representatives retain most of the 
ancestral characteristics present in prosobranchs, while other taxa which 
are here considered as prosobranchs, share some specialized features 
with the other subclasses. Debate as to the relationships and the 
classifications of taxa within them can be regarded as largely semantic, 
based on the subjective evaluation of similarity. The taxa which are 
considered as opisthobranchs in this paper appear to form a monophyletic 
unit. The least derived opisthobranchs share common features which are 
not present in either prosobranchs or pulmonates: possession of a well
developed cephalic shield and lateral sensory areas (Hancock organs).
A hermaphroditic reproductive system with proximal receptaculum 
seminis and distal bursa copulatrix separate the pulmonates and 
opisthobranchs from prosobranchs. The first two characteristics have 
been secondarily modified in some opisthobranch orders. The relative 
position and presence of the receptaculum and bursa are constant in each 
order but in a few cases vary within individual families and genera. While 
the demarcation of the three subclasses is not precise, the above 
criteria provide the basis for separation of the opisthobranchs in this 
paper.
The Pyramidellidae have been included in the Opisthobranchia (Fretter 
and Graham, 1949; Taylor and Sohl, 1962; Hyman, 1967) and the Prosobranchia
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(Franc, 1968; Golikov and Starbogatov, 1975). Few morphological in­
vestigations of the family have been conducted and are largely limited to 
the works of Fretter and Graham (1949, 1962). Phylogenetic speculation 
has far exceeded supportive evidence. The limits of morphological 
variability of pyramidellids must be better understood before a definitive 
statement can be made regarding their phylogeny. Based on the available 
evidence, I agree with Golikov and Starbogatov (1975) that pyramidellids 
share fewer attributes with the opisthobranchs than with other taxa and 
are not here considered as opisthobranchs.
The Onchididae have been treated as opisthobranchs (Fretter, 1943; 
Boettger, 1954) and as pulmonates (Ghiselin, 1965; Fretter and Peake,
1975). I concur with Ghiselin and regard them as pulmonates. The 
Veronicellidae, Rathouisiidae (Boettger, 1954) and Succineidae (Rigby,
1965) have also been considered as opisthobranchs but most authorities 
place these taxa in the Pulmonata. I agree with the latter point of 
view.
The endoparasitic Entoconchidae and Enteroxenidae have been included 
in the Opisthobranchia (Taylor and Sohl, 1962) but are here regarded as 
prosobranchs.
II. Common Ancestry with the Pulmonata
The apparent relationship of the opisthobranchs and pulmonates has 
caused several authors to unite the pulmonates and opisthobranchs into a 
single subclass, the Euthyneura (Spengel, 1881; Boettger, 1955; Zilch, 
1959-1960; Taylor and Sohl, 1962). Most members of the Opisthobranchia and 
Pulmonata have a euthyneurous nervous system and a hermaphroditic reproductive 
system which is structurally and positionally homologous. Some opistho­
branchs (Acochlidiacea) are secondarily gonochoric, however. Opisthobranchs
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and a few less derived pulmonates have a hyperstrophic apex of the shell.
In many specialized opisthobranchs and some pulmonates the shell is 
reduced or entirely absent. The structural and positional homologies 
present between the pulmonates and opisthobranchs particularly in the 
nervous and reproductive systems, do indeed suggest a similar if not common 
ancestry. Since their divergence the two taxa have undergone very 
different selection pressures; the pulmonates are largely terrestrial 
and lacustrine while the opisthobranchs are almost exclusively marine.
As a result of these selection pressures each taxon has evolved very 
differently. The pulmonates have evolved a secondary lung while the 
opisthobranchs retain a gill or have produced secondary respiratory surfaces. 
The pulmonates have evolved a largely contained developmental strategy 
while most opisthobranchs have a planktonic veliger larva. Ecologically 
pulmonates are for the most part grazing herbivores while opisthobranchs 
are highly specialized herbivores or carnivores. Based on these 
divergences I believe that the Pulmonata and Opisthobranchia should be
maintained as separate subclasses. This contention has previously been
supported by Robertson (1973, p. 216) who stated that "there would be as 
much reason to combine prosobranchs (Streptoneura) and opisthobranchs".
This was reiterated by Fretter and Peake (1975).
The morphological similarity of the more primitive members of the
Pulmonates and Opisthobranchia is indeed striking. Morton (1955) examined 
the comparative morphology of members of the pulmonate family Ellobiidae. 
Harry (1964) studied the primitive pulmonate Chilina in detail. Several 
investigations have been conducted elucidating the anatomy of Acteon 
tornatilis (Pelseneer, 1893; Guiart, 1901; Fretter, 1954; Johannson;
1954) and other acteonids (Rudman, 1972; Bouchet, 1976). Few other
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primitive opisthobranchs have been studied. A detailed discussion of the 
affinities of primitive opisthobranchs and pulmonates is found at the 
end of the discussion of the origin of the Opisthobranchia and is placed 
in the contextual framework of their relationship to the Prosobranchia.
Ilia. Origin of the Opisthobranchia and Pulmonata from Archaeogastropods
Fretter and Graham (1954) first suggested that monotocardian 
archaeogastropods, such as the trochids, gave rise to the opisthobranchs 
and pulmonates. This claim was elaborated upon by Morton (1955). Morton 
(p. 164) stated the following paleontological evidence relative to the 
face that pulmonates and opisthobranchs were first encountered in the 
Paleozoic: "Taking the representative list of gastropod families dealt
with by Zittel (1923) and making an analysis of the groups Archaeogastropoda 
(Rhipidoglossa and Docoglossa), Mesogastropoda (Taenioglossa), Stenoglossa, 
and tectibranchs and pulmonates, with respect to the order of appearance 
of the families, we find the following facts. Of the Archaeogastropods 
all but four-possibly three of the fifteen families are represented in the 
Palaeozoic, and of these four all but one (the Haliotidae) go back to the 
Mesozoic. Of the Mesogastropoda there are twenty-nine families cited, 
of which only seven are found in the Palaeozoic. Of these seven, the 
Purpurinidae became extinct in the Cretaceous and, of the others, four 
(the Vermiculariidae, Epitoniidae, Capulidae and Xenophoridae) are all 
specialized and probably very anciently became so. The sixth family in 
this list is the Littorinidae, which is not a specialized group, and the 
last one - rather significantly - is the Pyramidellidae, now thought to be 
a shelled opisthobranch group of a primitive level."
The logic of these arguments in favor of archaeogastropod origins 
of the opisthobranch-pulmonate clade, is confounding. First of all, the
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fact that more archeogastropod groups were present in the Paleozoic than 
mesogastropods does not preclude a possible mesogastropod origin of the 
opisthobranch-pulmonate clade. If so many archaeogastropod families were 
present at this time, they must have undergone substantial specialization 
and make poor candidates for a generalized ancestor. Similarly, Morton's 
argument that the Purpurinidae must be disregarded as possible predecessors 
since they became extinct in the Cretaceous assumes that ancestors must 
represent extant taxa. Accepting Morton's argument that four of the 
remaining Paleozoic mesogastropod families were too specialized early 
in their history to be ancestral still leaves the Littorinidae for 
consideration.
Morton contended that opisthobranchs and pulmonates stemmed from 
archaeogastropods since all three taxa possess a broad radular ribbon.
He discounted the broad, ptenoglossate radula of some mesogastropods 
as being a secondary modification within specialized taxa as the epitoniids 
(as clathrids) and janthinids. However, Robertson (1977) noted the 
mesogastropod families, the Architectonlcidae and the Epitphiidae which have 
characteristics in common with opisthobranchs and pyramidellids also 
possess a ptenoglossate radula. Morton's statement that all primitive 
opisthobranchs and pulmonates have a broad radula with numerous teeth is 
contradicted by the facts that species of Ringicula possess a single pair 
of laterals per radula row and lack a rachidian row (Bergh, 1904-8; Pelseneer, 
1925; Fretter, 1960; present study) and "Bulla" semilaevis (present study) 
has a radula with three laterals per half row and a prominent rachidian row. 
While Morton is correct in stating that Acteon has numerous hook-shaped 
teeth, other members of the Acteonidae have as few as nine or eleven 
teeth per row with highly specialized dentition (Rudman, 1972; Marcus,
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1972; present study). The rhipidoglossate multiseriate radula of 
archaeogastropods is specialized into series of laterals and marginals.
The laterals generally consist of a specific number (four or five per side, 
Hyman, 1967) with numerous marginals which can be of several different 
forms within a single radula. The taenioglossate and ptenoglossate 
radulae of mesogastropods provide equally plausible precursors of 
opisthobranch and pulmonate radulae.
The final point Morton advanced in favor of monotocardian archaeo- 
gastropod origins of the opisthobranch-pulmonate clade was the high 
degree of protandry. He cited the protandric condition in ellobiid 
pulmonates and -.thecosomatous pteropod opisthobranchs. However, I concur 
with Ghiselin (1965) in the view that a synchronous protandry was a 
secondary modification for reduced body size to maintain a pelagic 
existence and that it is not possible to assess whether protandry was the 
primitive state in the opisthobranchs. Thecostomatous pteropods are not 
lower opisthobranchs, as Morton claims. Morton stated that statistical 
evidence of protandry in archaeogastropods (Patella, Fissurella) is 
supportive of archaeogastropod origins of the opisthobranch-pulmonate 
clade. In this consideration Morton discounted the protandry of the 
Valvatidae and Calyptraedae (as Crepidulidae) as being of a secondary 
nature and stated that hermaphroditism in mesogastropods is a rare event. 
There are numerous other cases of hermaphroditism in the Mesogastropoda.
The Pyramidellidae if they are indeed prosobranchs are exclusively 
hermaphroditic as are the Architectonicidae, Epitoniidae, many Rissocacea 
and Lamellariidae.
Perhaps the most compelling evidence opposing archaeogastropod 
origins of the opisthobranch pulmonate clade is the structure of the
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reproductive system. The mesogastropods, neogastropods, pulmonates and 
opisthobranchs, without exception, possess auxiliary female glands for 
the nutrition and protection of fertilized ova. Homologues of these 
glandular structures are found only in archeogastropods in the family 
Trochidae. In Gibbula and Monodonta there are glandular lips at the 
female gonopore. The glandular structure is elaborated in Margarites 
and Calliostoma to form a urogenital papilla which produces mucus 
surrounding the egg mass (Fretter and Graham, 1962). This probably 
represents the precursor of the mucous gland in higher gastropods. There 
is apparently no albumen-forming portion in any archaeogastropod. No 
archaeogastropods possess a prostate or penis and fertilization is 
external. Copulation, facilitated by prostatic secretions and a penis, 
is the rule in the higher gastropods. Several mesogastropods secondarily 
lack a penis (Fretter and Graham, 1962) and in the Epitoniidae and 
Janthinidae this may be of a primary nature. The homology of the re­
productive system of higher prosobranchs with members of the opisthobranch- 
pulmonate clade reduces the possibility of independent development of 
these structures from archaeogastropods (see section I-C.)
Illb. Origins of the Opisthobranch-pulmonate clade from Rissoacean- 
Cerithiaceans
This point of view was adopted by Boettger (1954) and substantiated 
and elaborated by Fretter and Graham (1962). The scenario of phyletic 
gradualism presented by the latter authors (p. 638) suggests a series of 
transitional stages from prosobranch to opisthobranch. Much of their 
argument centers on relating morphological qualities of the Rissoacea- 
Cerithacea (and other prosobranchs as the Epitoniidae, Janthinidae, and 
Eulimidae) to the Pyramidellidae. This line of analysis may be irrelevant
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to the task of examining opisthobranch affinities if their a priori 
judgement of an intimate phyletic relationship of the Pyramidellidae 
and opisthobranchs is erroneous. The possibility that similarities 
between the pyramidellids and opisthobranchs are a result of parallel 
evolution has not been adequately explored. Robertson (1973) has 
established an affinity between pyramidellids, architectonicids, epitoniids 
and opisthobranchs. He suggested that their relationship to the 
Triphoridae, as suggested by Kosuge (1966), is highly tenuous. However, 
the Triphoridae, other Cerithiacea and the Rissoacea have many characteristics 
in common with the above mentioned taxa. A summary of the morphological 
relationships of these taxa is provided in table 2. Some members of the 
Architectonicidae, Epitoniidae, Pyramidellidae, Rissoacea and Cerithiacea 
have shells which are highly ornamented and sculptured. The last four 
taxa possess shells with a substantially elevated spire. A hyperstrophic 
shell apex is found in Architectonicidae, Pyramidellidae, Mathildidae 
and opisthobranchs. A hyperstrophic shell is encountered in all extant 
triphorids except Triforis (Kosuge, 1966). Some members of the 
Janthinidae, Architectonicidae and Epitoniidae possess an acrembolic 
proboscis and a ptenoglossate radula. While pyramidellids lack a radula, 
they do possess a protrusible proboscis. Triphorids have a radula which 
perhaps represents a precursor to both the taenioglossate and ptenoglossate 
conditions as it is generally broad with a distinct rachidian (Kosuge,
1966), as well as an acrembolic proboscis. The nervous system of these 
taxa demonstrates a trend towards the shortening of the visceral loop and 
the anterior migration of ganglia. The Janthinidae, Rissoacea, Epitoniidae, 
and Cerithacea have representatives in which the supraintestinal and 
subintestinal ganglia have migrated anteriorly and are often immediately
TABLE 2
Summary of Morphological Characters
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Epitoniidae - + pten + + - + +
Pyramidellidae + + absent - + + + -
Littorinidae + or - - taen + - + + or - -
pten = 
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posterior to the pleural ganglia. Some Rissoacea (Cingula) have also 
a shortened visceral loop (Fretter & Graham, 1962). The euthynerous 
state present in the pyramidellids is here hypothesized to be a modifi­
cation of the type of central nervous system present in Cingula.
The various aspects of the reproductive system provide the most 
significant data for the establishment of the phyletic relationship of the 
Janthinidae, Architectonicidae, Epitoniidae, Pyramidellidae, Cerithiacea 
and Rissoacea. Members of each of these six taxa, in addition to some 
littorinids and other prosobranchs, produce dimorphic sperm, and in 
several cases spermatophores (Fretter & Graham, 1962; Hyman, 1967;
Robertson, 1973). The Pyramidellidae, Architectonicidae and Epitoniidae 
are hermaphroditic. The Janthinidae, Architectonicidae and the Epiton­
iidae are exclusively aphallic as are several representatives of the 
Cerithiacea. The epitoniids and cerithaceans have an open oviduct 
with an elongate, slit-like female aperture.
While this complex of characters does not permit detailed phylogenetic 
analysis, it strongly suggests an evolutionary affinity between the 
Janthinidae, Epitoniidae, Architectonicidae, Pyramidellidae, Rissoacea 
and Cerithiacea. Similarities between opisthobranchs and members of this 
clade are seen as parallelism or possession of homologous characters 
from a common ancestor. A hyperstrophic larval shell is present in 
opisthobranchs, pyramidellids, architectonicids, mathildids. Abnormal 
postlarval hyperstrophy has been reported in Littorina lineolata 
(Harasewych, 1977). Opisthobranchs lack the elaborate shell sculpture 
present in most members of this clade. The known fossil record possesses many 
gaps and is subject to misallocation of taxa. Despite these limitations 
it is interesting that the opisthobranchs and pulmonates appear to precede
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members of the above clade. Opisthobranchs and pulmonates are first found 
in the Mississippian and Pennsylvania, respectively. Rissoacea are 
first recorded in the Jurassic while members of the Cerithiacea 
Architectonicidae, Pyramidellidae and Epitoniidae are first reported 
in the Cretaceous (Moore, Laliker and Fisher, 1952).
The buccal mass in opisthobranchs is short, highly muscular and never 
acrembolic. The radulae of opisthobranchs, while similar in formula to 
members of the Triphoridae, consists of teeth which are of divergent 
shapes. While pyramidellids and the majority of opisthobranchs are 
euthyneurous this condition appears to have arisen by parallel evolution. 
Euthyneury in the pyramidellids appears to be in a system which is 
already substantially cephalized as found in the rissoacean Cingula.
In opisthobranchs, euthyneury is present in animals which still possess 
an elongate visceral loop. A more substantial difference in the nervous 
system of these taxa is in its position relative to the mantel cavity 
and the osphradial and supraintestinal ganglia. In pyramidellids the 
mantle cavity faces anteriorly and the osphradium and osphradial ganglia 
are located on the left side of the body while the supraintestinal 
ganglion is on the right. In some streptoneurous opisthobranchs both 
the osphradial and subintestinal ganglia are on the left. The majority 
of opisthobranchs have undergone detorsion with subsequent untwisting of 
the mantle and internal organs. The morphological result is that the mantle 
cavity is directed towards the right side of the animals as are the 
osphradium and the osphradial and supraintestinal ganglia. Therefore 
euthyneury in the opisthobranchs appears to be a result of detorsion 
whereas in pyramidellids it occurs in response to the shortening of the 
visceral loop.
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The reproductive system in opisthobranchs differs substantially 
from that of members of the above clade. In the lower opisthobranchs there 
is a distal bursa copulatrix and a proximal receptaculum seminis. This 
condition has been modified within some members of various opisthobranch 
clades. No opisthobranchs possess an open oviductal groove (as in Cerithiacea 
and Epitoniidae), an albumen gland separate from the rest of the female 
gland mass (as in Rissoacea), a proximal bursa copulatrix (as in Rissoacea), 
a receptaculum seminis situated within the female gland mass (as in 
Janthinidae, Cerithiacea), nor lack a bursa copulatrix (as in Cerithiacea, 
Janthinidae, Pyramidellidae). The hermaphroditism exhibited by the 
Architectonicidae, Epitoniidae and Pyramidellidae whether protandric 
or simultaneous must be regarded as a phylogenetic event distinct from 
that of the opisthobranchs, based on a weak correspondence of structural 
and positional homologies. Therefore, it is unlikely that members of the 
Rissoacea-Cerithiacea gave rise to the opisthobranch-pulmonate clade as 
contended by Fretter and Graham. Similarly it is unlikely that any members 
of the Janthinidae, Architectonicidae, Epitoniidae or Pyramidellidae 
provide an ancestral prototype for the opisthobranchs and pulmonates.
IIIc. Origins of the Opisthobranch-pulmonate clade from Littorinacea 
Following an assessment of the difficulties in deriving the 
opisthobranch-pulmonate clade from archeogastropods or Rissoacea- 
Cerithiacea it is necessary to discuss other possible precursors. As 
Morton (1955) noted, most : mesogastropods and neogastropods, as they 
exist today, are highly specialized in their nervous, digestive and 
reproductive anatomy. The nervous system tends to become concentrated 
particularly in the neogastropods where all but the visceral ganglion is 
situated in the esophageal nerve ring. The reproductive system of most
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meso- and neogastropods contains a closed vas deferens and produces egg 
capsules. Only the lower mesogastropods provide an adequate model for 
ancestral opisthobranch-pulmonate stock. The mesogastropod taxon which 
retains the most ancestral features is the Littorinacea. A comparison of 
primitive opisthobranchs, pulmonates, and littorinaceans is worthy of 
more detailed examination.
The shell of littorinaceans has a moderately elevated spire, 
without elaborate sculpturing. The central nervous system of Littorina 
and Lacuna is essentially like that of primitive opisthobranchs. The 
least modified pulmonate central nervous system is that of Chilina (Harry, 
1964) where the supra and subintestinal ganglia are situated on the right 
and left side of the body; as they are in the euthyneurous condition, 
but the visceral loop remains streptoneurous. Some Littorina possess 
zygoneurous connections between the left pleural and supraintestinal 
ganglia and between the right pleural and subintestinal ganglia; while 
in others this connection is absent (Fretter and Graham, 1962; Bullock 
and Horridge, 1965).
The mantle complex of the littorinids is directed anteriorly and 
is typically prosobranch in its degree of torsion; an identical con­
figuration exists in some less derived opisthobranchs. Associated with 
an anteriorly directly mantle complex are the gonopore and anus, situated 
at the right anterior limit of the mantle cavity. Members of the 
Littorinacea are gonochoric as opposed to the largely hermaphroditic 
opisthobranchs and pulmonates. However the structure of the female and 
male systems are strikingly similar (fig. 1). The female system is 
composed of a single ovary, a receptaculum seminis which facilitates the 
long term storage of exgoneous sperm, three lobes of the female gland mass,
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the albumen, membrane and mucous glands, and a bursa copulatrix situated 
at the gonopore. The latter receives sperm during copulation and also 
functions as a gametolytic sac. The male system consists of a testis, 
an ampulla which stores endogenous spermatozoa, a gonopore at the anterior 
limit of the mantle cavity and a ciliated sperm groove which terminates 
in a non-protrusible, cephalic penis. A superimposition of the 
littorinid male and female systems results in a hermaphoriditic complex 
which is entirely homologous with that described by Ghiselin (1965) as the 
hypothetical ancestral opisthobranch condition. Similarly, the most 
ancestral reproductive system in the Pulmonata (Phytia) is identical to 
that described by Ghiselin with the exception that the anterior vas 
deferens is closed and the penis is protrusible. The melding of the male 
and female systems is not without precedent in other closely allied 
mesogastropods. Crepidula represents a classic case of sequential 
hermaphroditism where the male system develops first and is followed by 
transitional and female phases.
The precision of structural and positional homologies between the 
littorinids and primitive opisthobranchs and pulmonates is the most 
persuasive argument in favor of early mesogastropod origins of the two 
largely hermaphroditic subclasses (Figure 2).
The fossil record despite its limitations is also supportive of 
this claim. Moore, Laliker and Fisher (1952) attribute the Littorinacea, 
opisthobranchs and pulmonates to the Carboniferous.
IV. The Search for an Archetypal Opisthobranch
The question of the ancestry of the opisthobranchs and their 
relationship to the pulmonates is directly related to determination of 
character states in the least derived, extant opisthobranchs. Studies
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of this nature have focused largely upon the Acteonidae and in 
particular the genus Acteon (Fretter, 1943; Guiart, 1901; Rudman, 1972).
IVa. Relative Primitiveness of Acteon and other Acteonidae
The genus Acteon has been suggested by several workers as a model of
an archetypal opisthobranch. The external morphology of members of this 
family is similar to the prosobranch form. The shell in all cases is 
well calcified with a moderately elongate spire. Most members of the 
Acteonidae retain a well developed operculum similar in shape to that found 
in the Littorinacea. Rictaxis punctocaelatus apparently lacks an operculum. 
(Marcus, 1972) noted that the specimens of this species which she 
observed had lost the operculum. My observation of more than fifty 
living specimens in this study yielded no examples which possessed an 
operculum. Members of the closely allied Hydatinidae all lack an 
operculum. The mantle cavity and associated structures are directed 
anteriorly. The gill which is situated On the left side Of the mantle 
cavity and directed anteriorly is plicate rather than pectinate as in most 
prosobranchs.
The nervous system on initial appearance is similar to that found
in littorinids. The lateral nerve cords are streptoneurous with a distinct
separation of supraintestinal, subintestinal and visceral ganglia. In 
all members of the Acteonidae, and the allied Bullinidae and Hydatinidae, 
the cerebral and pleural ganglia are fused to form a single pair of 
cerebro-pleural ganglia.
The radular morphology within the Acteonidae is variable. Acteon 
possesses a radula with numerous rows of simple hammate teeth lacking a 
rachidian row. Members of the other genera (Marcus 1972; Bouchet, 1976) 
possess more elaborate and fewer radular teeth with or without an additional
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row of rachidians. In all cases there is an esophageal crop without 
chitinous gizzard plates as in the Littorinacea.
The reproductive system of acteonids is substantially modified from 
the hypothetical ancestral configuration suggested by Ghiselin (1965).
In all cases, a separate vas deferens and oviduct are present, thus 
producing a diaulic condition. The vas deferens is closed throughout its 
length thus representing an alteration of the more primitive, ciliated 
sperm groove. The penis is non-protrusible in all accounts. Within the 
family the position of the bursa copulatrix and receptaculum seminis varies. 
Johannson (1954) and Fretter & Graham (1954) noted that Acteon tornatilis 
possesses only one of these structures and this appears to function as a 
bursa copulatrix, despite the fact that it occupies the more proximal 
position typically exhibited by the receptaculum seminis. This contention 
is supported by histological properties which can be ascribed to the 
bursa copulatrix. Specimens of Acteon hebes and Rictaxis punctocaelatus 
examined in this study verify this calim. Rudman (1972a) depicted the 
reproductive system of Pupa kirki as containing a proximal receptaculum 
and a distal bursa. This configuration has also been described for the 
closely allied Bullina lineata and Hydatina physis (Rudman, 1972b).
Specimens, of Pupa nitidula, P_. sp. I, ]?. sp. II and Hydatina zonata I 
studied also have a receptaculum seminis and a bursa copulatrix. Rudman 
suggested that the possession of both structures was the ancestral state. 
Based on my observations of the Littorinidae, in addition to several 
primitive pulmonate and other opisthobranchs, I would concur with this 
view. Thus Acteon and Rictaxis within the Acteonidae represent more 
derived forms than other members of the family.
Rudman (1972a) contended that Pupa kirki was identical in its
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reproductive morphology to the hypothetical \androdiaulic ancestor 
described by Ghiselin (1965). The distinct separation of male and female 
ducts within all known members of the family clearly distinguishes the 
Acteonidae from an ancestral position within the Opisthobranchia, particularly 
when viewed in conjunction with the cephalization present within the central 
nervous system.
Morton (1955) suggested that members of the Acteonidae have been 
encountered in the Paleozoic. The earliest recorded fossil opisthobranch 
is Acteonina carbonaria from the Lower Carboniferous of Belgium. The shell 
morphology of this specimen is more similar to extant members of the 
Scaphandridae and Retusidae with an elongate, slit like shell aperture. 
Specimens which are recognizable as members of the Acteonidae are not 
recorded until the middle Cretaceous (Zilch, 1959-60).
The remaining question then is whether any other extant opisthobranch 
taxon more closely approaches the hypothetical ancestor in an array of 
morphological characters.
IVb. The Primitiveness of the Ringiculidae
The Ringiculidae are a family of cephalaspidean opisthobranchs found 
in all oceans from the lower edge of the continental shelf to the 
abyssal plain. The shell in all species is well calcified with 
a moderately elevated spire. Fossils clearly recognizable as members of 
this family are first found in the Craetaceous (Zilch, 1959-60). All 
extant forms apparently lack an operculum.
Specimens when removed from the shell possess many prosobranch 
attributes in their external morphology. The mantle cavity is directed 
anteriorly with the gonopore and anus situated on the right lateral 
portion of the cavity in Ringicula nitida (present study) but is shifted
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to the right in R. huecinea and R. conformis (Fretter, 1960; Pelseneer, 
1925). The gill is reduced to a simple fold of tissue in R. buccinea 
(Fretter, 1960) but consists of several plicae in R. nitida (present 
study).
The central nervous system of Ringicula buccinea as described in 
detail by Fretter (1960) is modification from the prosobranch plan found 
in Littorina only in the anterior migration of the subintestinal ganglion 
to a position immediately posterior to the left pleural ganglion.
The reproductive system has previously been described in Ringicula 
conformis (Pelseneer, 1925) and R. buccinea (Fretter, 1960) and the 
morphology of these two species is dramatically different. In R. conformis 
the system is androdiaulic as in the Acteonidae. The male duct divides 
proximally and possess a distinct prostatic portion. The vas deferens 
remains closed throughout its length and terminates in a protrusible 
cephalic penis. The reproductive system of R. buccinea is monaulic 
although there is a partial separation of the male and female ducts.
Fretter was unable to discern a ciliated sperm groove although she noted 
a protrusible cephalic penis. The morphology of the reproductive system 
of R. nitida is monaulic with no discernable separation of male and female 
ducts. There is a ciliated sperm groove which terminates in a protrusible 
cephalic penis.
It would appear that within Ringicula the reproductive system may be 
monaulic, monaulic with partial separation of the male and female ducts 
or androdiaulic. This variability should be further investigated along 
with the examination of additional species.
Ringicula nitida appears to be more primitive with regard to several 
features than other members of the genus. Not only is the reproductive
system entirely monaulic but the mantle complex is more anterior in its 
placement.
The "overall primitiveness" of the Ringiculidae has been largely 
ignored. While Fretter described Ringicula as one of the most primitive 
opisthobranchs, she supported Boettger's (1954) contention that they are 
derived from the Acteonidae. This view is unlikely if one accepts 
Ghiselin's logical arguments suggesting an origin of androdiaulic system 
from a monaulic arrangement. It is equally implausible to suggest a 
direct ringiculid ancestry for the Acteonidae. The retention of a non- 
protrusible penis in the Acteonidae and the production of a protrusible 
penis in the Ringiculidae eliminates this possibility. The two taxa are 
nevertheless closely allied. In their "overall" morphology members of the 
Ringiculidae more closely approach a hypothetical ancestral model than 
do any extant Acteonidae. This is especially true of the reproductive 
system of monaulic members of the family.
IVc. Miscellaneous Opisthobranchs Which Retain Primitive Atributes
Representatives of several other opisthobranch taxa maintain a 
variety of primitive character states generally limited to one or two 
aspects of their morphology. Members of the genus Toledonia (Diaphanidae) 
possess a well calcified shell with an elevated spire. The mantle cavity 
is directed anteriorly. The reproductive system has not been studied 
but other morphological aspects (Odhner, 1914; Marcus, 1976) including a 
euthyneurous nervous system, indicate a substantially derived form.
Members of the Retusidae retain several ancestral features. The 
shell may have an elevated or depressed spire and a certain degree of 
intraspecific variation exists. Several species are known to possess an 
operculum (Burn & Bell, 1974). The central nervous system is streptoneurous
but the lateral nerve cords cross only at their posterior limit. The 
reproductive system is monaulic with a protrusible penis. There are well 
developed gizzard plates.
"Bulla" semilaevis (Seguenza, 1880) is a scaphandrid which retains an 
operculum despite the fact that the shell spire is markedly depressed.
The mantle cavity is directed anteriorly yet the anus has undergone 
substantial detorsion and empties into the posterior portion of the cavity. 
The nervous system retains partial streptoneury as in theHetusidae and some 
other Scaphandridae. The reproductive system is monaulic and possesses 
a protrusible penis.
IVd. Primitive features of the Notaspidean-Nudibranch clade
The orders Notaspidea and Nudibranchia have long been recognized 
as being closely allied (Guiart, 1901; Odhner, 1939; Ghiselin, 1965).
The least derived members of this clade are notaspideans of the family 
Umbraculidae. In members of this family the limpet-like shell is reduced 
to a dorsal plate which is well calcified in Umbraculum and more weakly 
so in Tylodina.
The mantle cavity of Tylodina and Umbraculum is greatly reduced and 
situated at the right postero-lateral portion of the animal.
The radula is broad, consisting of abundant lateral rows of teeth 
without a rachidian row.
The central nervous system of Tylodina represents the most primitive 
configuration within the family. While the system is entirely euthyneurous 
and all ganglia are located in a circum-esophageal nerve ring, the visceral 
ganglion remains distinct. In Umbraculum the visceral ganglion has undergone 





The only primitive feature of any members of the notaspidean- 
nudibranch clade is the morphology of the reproductive system of some 
members of the Umbraculidae. Eliot (1910) assumed that the reproductive 
system of Umbraculum contains a distinct vas deferens and oviduct, hence 
an androdiaulic configuration. Marcus and Marcus (1967) demonstrated 
that there is a hermaphoriditic gonopore with a ciliated sperm groove 
traversing anteriorly a short distance to a non-protrusible, cephalic 
penis. Examination of the reproductive system of Umbraculum sinicum 
from Mauritius and Hawaii supports the claim that the system is of a 
monaulic form. Ghiselin (1965) suggested that Umbraculum be investigated 
by means of serial sections. This work should be performed to confirm 
the arrangement of the female glands. MacFarland (1966) studied the 
reproductive systems of Tylodina fungina and noted that it appears to be 
more primitive than any other opisthobranch. My observations of the same 
species confirm this statement. The system if monaulic with a ciliated 
sperm groove terminating at a non-protrusible cephalic penis as in 
littorinaceans. The large receptacle joining the hermaphoditic duct at 
the genital atrium appears to be a bursa couplatrix rather than a receptaculum 
seminis as suggested by MacFarland. The closely allied genus Tylodinella 
appears to be modified into an androdiaulic arrangement (Mazzarelli, 1897).
While all other aspects of their morphology is modified from an 
ancestral state the reproductive system remains essentially unmodified 
from the hypothetical ancestral condition. This fact suggests that the 
notaspidean-nudibranch clade diverged very early in the ancestry of the 
Opisthobranchia yet became substantially derived in most of its form.
IVe. Hypothetical Ancestral Opisthobranch
Members of several opisthobranch families, Acteonidae, Umbraculidae,
Ringiculidae, Diaphanidae, Retusidae and Scaphandridae, retain a variable 
combination of ancestral and derived characteristics. No extant opistho­
branch retains all ancestral characteristics. Members of the Acteonidae, 
which have traditionally been exemplified as an "ancestral" form, have 
significantly modified nervous and reproductive systems.
The Ringiculidae are suggested as providing a better model of an 
archetypal opisthobranch among living forms. However, it should be 
emphasized that the Ringiculidae must be regarded in the content of other 
opisthobranch families which possess additional primitive attributes.
As the opisthobranchs appear to represent a monophyletic (holophyletic) 
taxon, it is worthwhile to construct a hypothetical ancestral form which 
exemplifies the primitive features retained in the variously derived, 
extant taxa.
The animal (fig. 3a & b) possesses a well calcified heterostrophic 
shell with an elevated spire, as well as an operculum. There are numerous 
whorls to the body. The mantle cavity is directed anteriorly as is the 
plicate ctenidium. The ventricle of the heart lies posterior to the 
auricle. The anus and gonopore are situated at the right anterior limit 
of the mantle cavity. An osphradium is present.
The digestive system contains well developed jaws, a moderately 
broad radula with a rachidian row of teeth. Tubular salivary glands are 
present. The esophagus expands into a saccate crop. From the crop the 
esophagus narrows and enters a muscular stomach with a chitinous lining. 
Digestion takes place within the stomach and is facilitated by the 
secretory products of the digestive gland. The intestine curves anteriorly 
terminating at the anus.
The central nervous system is streptoneurous with well separated
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i ganglia and an elongate visceral loop. Six ganglia comprise the
i  cricumesophageal nerve ring. Adjacent to the osphradium, on the left side
of the mantle cavity, is the supraintestinal ganglion. The subintestinal 
ganglion is situated ventrally, along the right side of the crop, while
i the visceral and genital ganglia are located at the posterior limit of
;
the body cavity.
; The hermaphroditic reproductive system (fig. 1) consists of an
t ovotestis with little or no isolation of male and female gametes. A
preampullary duct initially conducts gametes anteriorly and expands into 
an ampulla for the storage of endogenous sperm. Prior to the junction of 
; the hermaphroditic duct with the female gland mass is the entrance of
i the duct from the receptaculum seminis. The receptaculum stores exogenous
• ' sperm for extended periods of time. The female gland mass serves as the
pallial hermaphorditic conduit and consists of albumen, membrane and mucous 
glands. The hermaphroditic gonopore at the distal end of the mucous 
gland joins the duct of the bursa copulatrix. The bursa receives 
sperm immediately following copulation and also has a gametolytic 
function. From the gonopore an open, ciliated sperm groove conducts 
; sperm to a non-protrusible cephalic penis. Prostatic secretions are
added from glandular epithelial cells lining the sperm groove.
! . It is likely that the ancestral opisthobranch inhabited shallow
. water and was a grazing infaunal omnivore.
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Plate I
Figure 1. Littorinacean, Opisthobranch and Pulmonate 
reproduction systems
a - ampulla
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Plate II
Figure 2. Phylogenetic Relationships of the Gastropoda
EpHooildo* -  A rchitectonic Mo* 




Figure 3. Hypothetical ancestral opisthobranch
3a. Dorsal view
3b. Lateral view
a - anus ga - genital aperture pg - pedal ganglion
ag - albumen gland ho - Hancock organ pi - pleural ganglion
be - bursa copulatrix i - intestine rs - receptaculum 
seminis
c - cerebral ganglion mg - mucous gland sa - salivary gland
cr - crop og - osphradial ganglio sb - sub intestinal' 
ganglion
ct - ctenidium op - operculum sp - supraintestinal 
ganglion







THE COMPARATIVE MORPHOLOGY AND PHYLOGENETIC 
RELATIONSHIPS OF THE CEPHALASPIDEA (GASTROPODA: OPISTHOBRANCHIA)
Introduction
The Opisthobranchia exhibit extreme morphological variation and 
correspondingly varied ecological diversification relative to members 
of the two other gastropod subclasses, the Prosobranchia and Pulmonata. 
Within the Opisthobranchia the anagenic trends towards loss of shell, 
detorsion of the mantle complex, cephalization of the nervous system 
and separation of male and female reproductive ducts are prevalent 
between distinct clades.
Two recent works have attempted to ascertain the phylogenetic 
interrelationships within the Opisthobranchia. Boettger (1954) based 
his conclusions largely upon characteristics of the nervous system while 
Ghiselin (1965) relied largely upon reproductive morphology. Boettger's 
attempt is less than satisfactory as it neglected the role of parallel 
evolution. Ghiselin's work leaves many unanswered questions with regard 
to the cladogenesis of taxa. In each case these authors based their 
conclusions largely on single systems which alone may not allow for the 
elucidation of relationships between all taxa considered.
The origins of opisthobranchs from lower mesogastropod prosobranchs 
has been suggested in an earlier paper (Gosliner, in preparation). In 
this analysis it was concluded that no living opisthobranch satisfactorily 
represents the ancestral members of the subclass. Based on a comparison 
of living mesgastropods with cephalaspidean opisthobranchs a hypothetical 
ancestor was constructed. This organism is suggested as possessing
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the following attributes: Shell heterostrophic with elevated spire.
Operculum present. Mantle cavity directed anteriorly with plicate 
ctendium, ventricle posterior to auricle. Anus and gonopore at right 
anterior limit of mantle cavity. Osphradiun present. Jaws present, 
radula moderately broad with rachidiam row of teeth. Salivary glands 
tubular. Gizzard absent. Stomach muscular with chitinous lining.
Central nervous system poorly cephalized, streptoneurous, with well 
separated ganglia and elongate visceral loop. Reproductive system 
hermaphroditic, monaulic with proximal receptaculum seminis, distal 
bursa copulatrix, open ciliated sperm groove and non-protrusible cephalic 
penis. Animal omnivorous, inhabiting shallow water. The determination 
of these ancestral characteristics provides the basis for the establish­
ment of the polarity of characters states examined in this study.
Since Boettger's (1954) and Ghiselin's (1965) phylogenetic studies, 
several workers have added substantial morphological data, particularly 
within the Order Cephalaspidea (Rudman, 1971a, 1972a, 1972b, 1974;
Marcus, 1974, 1976, 1977; Bouchet, 1975). As the cephalaspideans 
retain more ancestral characteristics than other opisthobranchs, an 
understanding of their interrelationships if crucial to the study of the 
evolution of the subclass. It is hypothesized that the cephalaspideans 
provide the ancestral stock for the other opisthobranch orders considered 
to comprise a monophyletic taxon.
In studying the opisthobranchs one is immediately confronted 
with mosaic and parallel evolution of the previously described anagenic 
trends. Russell (1929) dealt with the extreme parallelism present 
between aeolid nudibranchs and cerata-bearing saccoglossans, thus 
discounting earlier suggestions that the taxa were closely allied. This
example typifies the presence of parallelism within the subclass. Mayr 
(1969; p. 228) stated that "the unequal rate of evolution of different 
features among descendants from a common ancestor, often combined with 
parallel evolution, is perhaps the most frequent cause of difficulties 
in classification". This statement exemplified the situation present 
in the Opisthobranchia. This incidence of mosaic and parallel evolution 
necessitates consideration of as many morphological, paleontological and 
biological criteria as possible, rather than a single organ system.
This paper evaluates the evolutionary relationships within the 
Cephalaspidea and compares members with the least derived representatives 
of other orders. This provides a basis for the determination of the 
evolution of the subclass as a whole. As a high degree of parallelism 
is present within the subclass many morphological characters must be 
examined and treated in a weighted fashion. Some implications of this 
fact to classical, phenetic and cladistic methods are suggested.
Methods
This study involved the examination of more than 300 specimens 
representing 90 species of opisthobranchs from throughout the world 
(Table 1). Eighty species were cephalaspideans while an additional ten 
were primitive members of other opisthobranch orders. The source of the 
material and collection locality are noted. Whenever possible more 
than five specimens of each species were examined, but in many instances 
only one or a few specimens were available. Specimens were generally 
preserved in 10% formalin or 70% ethanol. Specimens of Haminoea vesicula,
H. virescens, Rictaxis punctocaelatus, Retusa obtusa and Diaphana minuta
were fixed in Hollande's fixative and studied by means of several sections.
Sections were prepared on an American Optical Microtome at 5-10M, m 
thickness and stained with hematoxylin, fast green and biabrich scarlet.
Several characteristics were considered (Table 2). The polarity 
of ancestral versus derived states was determined by comparison with 
prosobranch gastropods and a hypothetical ancestral opisthobranch 
(Gosliner, in preparation). In the case of the radula it was difficult 
to determine the ancestral configuration. It appears that the ancestral 
radula was moderately broad with 4-10 lateral teeth on each side of a 
rachidian tooth. Some representatives appear to have elaborated the 
number of transverse radular rows while others have undergone reduction. 
The polarity of the other characteristics has been determined with 
greater confidence.
The shell was decalcified by placing specimens in Hollande's 
fixative for 24-48 hours. Specimens were studied by means of micro­
dissection under a dissecting microscope. It was generally possible 
to study most morphological aspects in a single well preserved specimen. 
Additional specimens, when available, were examined to determine intra­
specific variability. Measurements were made by means of an ocular 
micrometer. Photographs were taken with a Nikon microscope camera 
and a Canon Ft, 35 mm camera with macro lens. Radulae and gizzard 
plates were placed in 10% NaOH for 24 hour to remove excess tissue. They 
were mounted on microscope slides in CMC 10 (Turtox) aqueous medium with 
acid fuchsin stain and examined using a Nikon compound microscope.
I
Results




Order Cephalaspidea Fisher, 1883
Family Ringiculidae Philippi, 1853
Ringicula nitida Verrill, 1872
Family Acteonidae d'Orbigny, 1842
Acteon hebes Verrill, 1885 
*Rictaxis punctocaelatus (Carpenter, 1864) 
Pupa nitidula 
P^. sp. I 
]?. sp. II
Family Hydatinidae Pilsbry, 1893
*Hydatina physis (Linnaeus, 1758)
H. zonata (Solander, 1786)
*Micromelo undata (Bruguiere, 1792) 
*Parvampulstrum tenerum Powell, 1961
Family Scaphandridae Sars, 1878
*Scaphander lignarius (Linneaus, 1758)
S_. punctostriatus (Mighels, 1841)
S^. mundus Watson, 1883
Summary of Taxa Studied 





























S_. gracilis Watson, 1883 
j>. nobilis Verrill, 1884 
*Cylichnella bidentata (d'Orbigny, 1841) 
CL canaliculata (Say, 1826 
C. inculta (Gould, 1856)
C. cereal is (Gould, 1852) 
culcitella (Gould, 1852 
C. oryza (Totten, 1835)
C. rolleri (Marcus, 1977)
Cylichna alba (Brown, 1827)
CL attonsa (Carpenter, 1864) 
*Mamillocylichna richardi (Dautzenberg, 
Cylichnium africanum (Locard, 1897) 
"Bulla" semilaevis Seguenza, 1880 
"Bulla" simplex Locard, 1897
Family Philinidae
Philine alba Mattox, 1958 
IL bakeri Dali, 1919 
IL finmarchica Sars, 1858 
IL infundibulum Dali, 1889 
IL lima (Brown, 1825)
IL quadrata (Wood, 1839)
IL sp.
Family Aglajidae Pilsbry, 1896
*Agla_j a tricolorata Renier, 1807 
A. ocelligera (Bergh, 1894)
A. orientalis Baba, 1949 
A. regiscorona Bertsch, 1972
locality source of 
material
N. Atlantic MNHN
N . Atlantic MNHN
Brazil EM
New York-Nova Soctia ANSP, KM, LGH,
California TMG


























*Chelidonura hirundInina (Quoy & Gaimard, 
C_. fulvipunctata Baba, 1938 
C^. inornata Baba, 1949 
CL pallida Risbec, 1951 
C. sp.
*Melanochlamys cylindrica Cheeseman, 1881 
M. diomedea (Bergh, 1893)
*Navanax inermis (Cooper, 1862)
N. aenigmaticus (Bergh, 1894)
N. polyalphos (Gosliner & Williams, 1972)
*Philinopsis speciosa Pease, 1860 
IL cyanea (Martens, 1879)
IL depicta (Renier, 1807)
IL pilsbryi (Eliot, 1900)
P_. c. f. pelsunca
Family Gastropteridae Swainson, 1840 
Gastropteron pacificum Bergh, 1894 
(J. sp.
Family Retusidae Thiele, 1926
*Retusa obtusa (Montagu, 1807)
Volvulella cylindrica (Carpenter, 1864)
Family Bullidae Rafinesque, 1815
*Bulla ampulla (Linnaeus, 1758)
15. striata Bruguiere, 1792 
G_. gouldlana Pilsbry, 1895





















































Family Atyidae Thiele, 1926
Atys cylindirca Helbling 
A. sp.
Haminoea vesicula Gould, 1855 
H. virescens (Sowerby, 1833)
H. strong! Baker & Hanna, 1927
H. solitaria (Say, 1822)
H. elegans (Gray, 1825)
*Roxania utriculus (Brocchi, 1814) 
Phaneropthalmus sp.
Atyidae sp.
Family Diaphanidae Odhner, 1922
*Diaphana minuta (Brown, 1827)
]). californica Dali, 1919 
I), sp. I 
I). sp. II
Order Thecosomata Blainville, 1824
Family Limacinidae Blainville, 1824
Limacina retroversa (Fleming, 1823
Family Cavolinidae Adams & Adams, 1854
Cavolina tridentata (Niebuhr, 1775)
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Order Sacoglossa Von Ihering, 1876
Family Cylindrobullidae Thiele, 1926
*Ascobulla ulla (Marcus & Marcus, 1970) 
A. califomica Hamatani, 1971 
Volvatella sp.
Order Anaspidea
Family Akeridae Pilsbry, 1893
*Akera bullata Muller, 1776 
A. sp. I 
A. sp. II
Order Notaspidea Fisher, 1883
Family Umbraculidae Dali, 1889
*Umbraculum sinicum Gmelin, 1791 
Tylodina fungina Gabb, 1865
locality source of 
material
Brazil EM










ASNP Academy of Natural Sciences, Philadelphia, Pennsylvania
CAS California Academy of Sciences, San Francisco, California
EM Dr. Eveline du Bois Reymond Marcus University of Sao Paulo,
Brazil
GCW Mr. Gary C. Williams, Healdsburg, California
HB Dr. Hans Bertsch, Chaminade College, Honolulu, Hawaii
KM Ms. Kaniaulono Meyer, University of Cincinnati, Ohio
LACM Los Angeles County Museum, California
LGH Dr. Larry G. Harris, University of New Hampshire, Durham, NH
MCZ Museum of Comparative Zoology, Harvard University, Cambridge, MA
MLG Mr. Michael L. Gosliner, San Anselmo, Califronia
MNHN Museum National de Histoire Naturelle, Paris, France
RB Dr. Robert Beeman, San Francisco State University, California
SM Ms. Sandra Millen, University of British Columbia, Vancouver,
Canada
YPM Peabody Museum, Yale University, New Haven, Connecticut
TABLE 2.





































The Ringiculidae have been examined in detail with regard to their 
retention of ancestral character states (Gosliner, in preparation).
The shell in all cases is well calcified with an elevated spire.
No described species retains an operculum. The animal (Fig. 1) 
possesses numerous whorls. The mantle cavity is directed anteriorly 
in Ringicula nitida while it is situated in a more postero-lateral 
position in R. buccinea (Fretter, 1960) and R. conformis (Pelseneer,
1925). In R. nitida (present study) the gonopore and anus are situated 
on the right side at the opening of the mantle cavity.
The digestive system of Ringicula does not vary substantially.
The radula of R. arctata (Bergh, 1908) and R. nitida (Bouchet, 1975; 
present study) consists of two transverse rows of simple, hook-shaped 
teeth without a rachidian row. The jaw elements are denticulate 
(Fretter, 1960; Bouchet, 1975; present study). The esophagus is short 
and expands into a highly muscular stomach. Fretter described the presence 
i; of two chitinous plates in R. buccinea which are also present in R. nitida
(present study). This structure may be homologous to the gizzard in 
higher Cephalaspidea.
The central nervous system is known only from the description of 
i/ R. buccinea (Fretter, 1960). In this instance the visceral loop is
elongate and streptoneurous with well separated visceral, subintestinal
|S and supraintestinal ganglia. The subintestinal ganglion has migrated
%:
$ anteriorly and is situated immediately posterior to the left pleuralh
$
ganglion. It was not possible to determine the morphology of the nervous
system of Ringicula nitida in this study.
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The ringiculid reproductive system is variable. In R. conformis 
the system is androdiaulic with complete separation of the oviduct and 
vas deferens (Pelseneer, 1925). The vas deferens is closed throughout 
its length, terminating in a protrusible cephalic penis. Fretter (1960) 
studied the reproductive system of Ringicula buccinea. The system is 
monaulic with a partial separation of the male and female portions.
There is a protrusible penis. While the hermaphroditic duct terminates 
at the opening of the mantle cavity, Fretter could find no trace of a 
sperm groove traversing the right side of the head to the penial aperture. 
The reproductive system of R. nitida (present study) (Fig. 2) is 
entirely monaulic. There is a proximal receptaculum seminis and a distal 
bursa copulatrix. The hermaphroditic gonopore terminates on the right 
side of the body at the entrance to the mantle cavity. A distinct 
ciliated sperm groove conducts male gametes to the protrusible cephalic 
penis.
Pelseneer (1925) noted that Ringicula conformis fed on foraminiferans. 
Fretter (1960) described the feeding behavior of R. buccinea. She noted 
that this species feeds on foraminiferans as well as interstitial 
copepods. The stomach of R. nitida contained numerous Foraminifera 
(Bouchet, 1975; present study).
2. Acteonidae
The shell of acteonids is well calcified with an elevated spire.
Most species of acteonids retain a well developed operculum had been 
lost in specimens of Rictaxis punctocaelatus she examined. Examination 
of more than fifty living specimens in this study yielded no individuals 
with an operculum.
The mantle complex is directed anteriorly in all acteonids
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previously studied. The five species studied here share that 
characteristic. The gill in all instances is plicate. Fretter and 
Graham (1954) characterized the Acteonidae as having an elongate 
pallial caecum to facilitate the movement of water currents through the 
mantle cavity. However, there is considerable variation in the elaboraton 
of this structure. An elongate caecum is found in Acteon tornatilis 
(Fretter & Graham, 1954), A. traski (Marcus, 1972a), Mysouffa cummingi; 
(Marcus, 1972a), M. turritus (Bouchet, 1975), Japonacteon pusillus 
(Bouchet, 1975), Pupa nitidula (present study) and P_. sp. II (Present 
study). A caecum is absent or reduced in Acteon pelecais (Marcus,
1956), A. candens (Marcus, 1972a), A. hebes (present study), Rictaxis 
punctocaelatus (Marcus, 1972a), Crenilabrum exilis (Bouchet, 1975),
Pupa sp. I (present study), Pupa kirki (Rudman, 1972a) and Maxacteon 
milleri (Rudman, 1972b). The elaboration of the caecum varies between 
species of the acteonid genera. Fretter & Graham have suggested that 
the elaboration of the caecum is related to increased body size, yet 
there appears to be little correlation with size.
The most variable component of the digestive system in the 
Acteonidae is the morphology of the radula. In Acteon there are numerous 
simple teeth (Fig. 3) which lack denticles; a rachidian row is absent.
The other genera have variously elaborated teeth with or without 
denticles (Marcus, 1972a; 1974; Bouchet, 1975). The possession of 
numerous simple teeth in Acteon hebes (present study) insures its 
placement within Acteon. Only in Crenilabrum exilis has a row of 
rachidian teeth been described (Bouchet, 1975). In all cases the jaws 
are reportedly armed with elaborate denticles. The esophagus is 
expanded and is devoid of gizzard plates. The intestine curves anteriorly
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after emerging from the digestive gland and continues to the anus, 
which exits at the anterior limit of the mantle cavity.
The central nervous system within the Acteonidae (Fig. 4) 
consists of a streptoneurous arrangement of well separated ganglia with 
a long visceral loop. In the five species studied here the cerebral and 
pleural ganglia are fused to form a single pair of cerebro-pleural 
ganglia. This is the case in all other acteonids for which the nervous 
system has been described (Rudman, 1972a).
The acteonid reproductive system is androdiaulic in all instances 
(Fig. 5). The vas deferens and oviduct separate at the anterior end 
of the ampulla. The vas deferens is prostatic throughout most of its 
length in Pupa kirki (Rudman, 1972a), Acteon tomatilis (Fretter &
Graham, 1954), A. hebes, Rictaxis punctocaelatus and Pupa sp. I (present 
study). In Pupa nitidula the prostatic portion is restricted to the 
proximal end of the vas deferens while in !P. sp. II the distal end is 
prostatic (present study). The presence or absence of a receptaculum 
seminis and the position of the bursa copulatrix are variable within 
the family. In cases where a receptaculum seminis is absent, the bursa 
copulatrix occupies a proximal position. The arrangement occurs in 
Acteon tomatilis (Fretter & Graham, 1954), A. hebes and Rictaxis 
punctocaelatus (present study). In Pupa and Maxacteon (Rudman, 1972a; 
present study) there is a proximal receptaculum seminis and a distal 
bursa copulatrix. The penis is variable in its shape but in all cases 
is non-protrusible with the vas deferens running its entire length.
Members of the Acteonidae appear to specialize on polychaete prey 
and are generally burrowers in soft substrate (Fretter & Graham, 1954; 
Rudman, 1972b; Marcus, 1972a; Bouchet, 1975).
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3. Hydatinidae
The shell of hydatinids is thinly calcified with a depressed 
apex. An operculum is absent in all described species. The mantle 
cavity is directed towards the right side of the animal. A pallial 
caecum is present and elongate in all species observed (Rudman, 1972b,c).
The hydatinid radula is generally broad with elaborate denticulate 
teeth. The number of lateral teeth ranges from a single tooth per side 
in Parvampulstrum tenerum (Marcus and Marcus, 1969; present study) to 
21 in Hydatina physis (Rudman, 1972c). The presence of a vestigal 
rachidian tooth is variable within a single species. Rudman (1972c) 
reported the presence or absence of a central tooth in Hydatina physis; 
an observation which was confirmed in this study. The single specimen 
of Hydatina zonata also possessed a rachidian row. In the family, jaws 
with platelets are reported for all observed species. They may be 
polygonal in Parvampulstrum tenerum or denticulate in all other species. 
Most Hydatinidae have highly elaborate salivary glands and in some 
cases there is an additional, dorsal oral gland (Rudman, 1972c). Gizzard 
plates are absent and an expanded esophageal crop is present.
The central nervous system in the Hydatinidae is essentially 
unmodified from that of the Acteonidae with the exception that the supra- 
intestinal ganglion is situated in the anterior nerve ring posterior to 
the right cerebropleural ganglion.
The androdiaulic reproductive system, where it has been studied, 
is identical to that described for some members of the Acteonidae. A
i
proximal receptaculum seminis and a distal bursa copulatrix are present 
in all members of the family which have been examined.
Rudman (1972c) reported that members of the Hydatinidae are
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predators on cirratulid polychaetes. Additional observations in this 
study confirm the prey specialization on cirratulids within the 
family. Hydatinids differ from Acteonids in that they actively crawl on 
sand surfaces rather than burrow.
4. Scaphandridae
The shell within the Scaphandridae may be well calcified with an 
elevated spire or substantially reduced in its calcification with a 
depressed bulloid spire. An elevated spire is present within several 
species of Cylichnella (Gosliner, in press) but intra-specific variation 
occurs. All other taxa have a substantially depressed spire.
An operculum is present in "Bulla" semilaevis^ (present study) and 
reportedly absent in other scaphandrids.
The mantle complex is directed anteriorly in "Bulla" semilaevis 
with varying degrees of postero-lateral migration in Cylichna, Cylichnella, 
Cylichnium and Scaphander. Considerable variation in the elaboration 
of the pallial caecum occurs in the Scaphandridae as in the Acteonidae. 
Within Cylichnella (Gosliner, in press) intraspecific differences are 
substantial. An elongate caecum is present in Cylichnium africanunu 
Scaphander mundus and S_. lignarius while it is short in S_. punctostriatus,
5. gracilis and S_. nobilis (present study).
The digestive system is elaborated in several morphological aspects. 
The number of teeth per radular row varies within the family (Table 3).
A rachidian row may be present or absent and such variation may be of 
an intra-specific nature (Cylichnella culcitella, Gosliner in press).
I
The jaws are thin with or without platelets (Marcus, 1977; Gosliner,
1. The taxonomic status of Bulla semilaevis is in doubt. It is clearly 
a scaphandrid but differs from all described genera. The status is 
currently being studied (Gosliner, in preparation).
TABLE 3
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in press). Gizzard plates may be present or absent. When present the 
three plates may be equal or unequal in size and are smooth. The anus 
in all instances is situated in the posterior lateral portion of the animal 
even in "Bulla" semilaevis where the mantle cavity is located anteriorly.
The scaphandrid nervous system (Fig. 6) is streptoneurous or 
euthyneurous and variation between species of two genera has been 
detected. All species of Cylichnella studied retain some degree of 
streptoneury with the exception of C^. oryza which is entirely euthyneurous. 
Scaphander punctostriatus and S^. lignarius retain slight streptoneury while 
_S. mundus and S_. nobilis are euthyneurous. The three species of Cylichna 
examined in this study, Cylichnium africanus and "Bulla" semilaevis are 
streptoneurous. In the Scaphandridae a distinct genital ganglion is 
present and the supraintestinal ganglion is situated near the middle of 
the right lateral nerve cord.
The reproductive system (Fig. 7) within the family is uniformily 
monaulic, with a proximal receptaculum seminis and a distal bursa 
copulatrix. In Scaphander the duct of the bursa copulatrix may be 
highly muscular. The penis is protrusible and possesses a single prostate. 
A penial papilla is present or absent, and in Cylichnella and Scaphander 
there may be secondary tubercles present (Marcus, 1958, 1974; Gosliner, 
in press).
Scaphandrids are carnivores which feed on a wide variety of food 
items. Foraminiferas compose a substantial portion of the diet of
most species and have been observed in Cylichna, Cylichnium, Cylichnella
\
and Scaphander. Scaphander species prey on a variety of organisms. A 
single specimen of S_. nobilis observed in this study contained 
foraminiferans, an amphipod, a scaphapod, several gastropods and
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polychaetes. Scaphandrids inhabit soft substrate and utilize their 
triangular head to burrow below the surface (Guiart, 1901; Lemche,
1956; present study).
5. Philinidae
The Philinidae exhibit a wide range of morphological variation.
The shell is thinly calcified with variable ornamentation and a 
depressed apex. Within Philine the shell may consist of several whorls 
(Fig. 8a,b) or may be reduced to a broad plate. An operculum is absent 
in all cases. The mantle cavity is situated posteriorly with a plicate 
gill.
The digestive system exhibits variability in all of its
morphological components. The radula consists of one to seven rows of
lateral teeth per side. Seven teeth per side are reported only in
Philine pruinosa (Rudman, 1972b) and one to three per side are found in
the other known species. The innermost lateral teeth are substantially 
larger than the outer laterals and are variously denticulate. Philine 
gibba and P_. falklandica possess a vestigal rachidian tooth (Rudman,
1972b; Marcus, 1974) while in all other species a rachidian is reportedly 
absent. The jaws are thin and lack masticatory elements. The shape 
of the gizzard teeth, when present, reflects considerable variability 
(Fig. 9 and 11). The plates may be equal or unequal in size. Gizzard 
plates are absent in P_. denticulata, P_. lima, quadrata and P^. sinuata 
(Marcus, 1974; present study). The anus is located at the right posterior 
limit of the body cavity. ,
The central nervous system reflects the variability present in 
other organ systems within the family (Rudman, 1971b) but is euthyneurous
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in all cases. The configuration of the parietal, genital and supra- 
intestinal ganglia differs between the various species (Fig. 18a-e).
The left and right parietal ganglia may or may not be distinct. The 
supraintestinal ganglion may be situated near the middle of the right 
nerve cord or it may be immediately posterior to the right pleural 
ganglion.
Rudman (1972b) described the reproductive anatomy of !P. auriformis 
in detail and stated that it did not differ from the other four species 
he examined. The morphology agrees entirely with that described for 
P^  aperta (Guiart, 1901; Lloyd, 1952). Some degree of variation not 
indicated in previous sutdies was detected in the present investigation.
In 3?. alba (fig. 11) there is a distal receptaculum seminis and a bursa 
copulatrix. The receptaculum was erroneously termed the albumen gland 
by Mattox (1958). There is a distinct membrane gland in addition to 
the albumen and mucous glands. In the reproductive system of the other 
six species examined in this study the receptaculum seminis is situated 
in the more typical, proximal position. A distinct membrane gland is also 
present in P^. finmarchica and jP. sp. (present study). The various modifi­
cations of the penis are described by Rudman (1972b) and Marcus (1974).
The prostate may be simple and short, may be moderately elaborated in 
its secretory surface or may be highly modified and associated with a 
muscular ejaculatory duct.
Philinds are found below the surface of mud and sand substrates.
They are camivoures feeding on a wide variety of animal prey. Philine 
angasi and P_. auriformis feed largely on bivalves (Rudman, 1972d) while 
P.. aperta was found to feed largely on pectinarid polychaetes (Hurst,
1965). In this study foraminiferas and polychaetes were found in the
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gizzard of P.. finmarchica and P_. infundibulum; polychaetes were found in 
P. alba.
6. Aglajidae
The aglajids represent a diverse and specialized family of 
cephalaspideans. They have been studied in detail recently (Rudman,
1974; Gosliner, in preparation) and therefore will not be dealt with in 
great detail.
Like the philinids the shell is internal and broad. It is well 
calcified throughout in Melanochlamys. A completely but less thickly 
calcified shell is present in members of Aglaja, Chelidonura and Navanax.
In other species of Navanax and Philinopsis the shell is calcified only 
at its posterior limit and possesses a large conchiolin wing.
The mantle cavity as in the philinids is located at the posterior 
end of the animal.
The digestive system is highly elaborated. Only Odontaglaja 
retains a vestigal radula. In all other species the buccal mass is 
exceedingly muscular. Gizzard plates are wanting and a spacious 
crop is present. The anus, as in the Philinidae, exits at the posterior 
end of the animal.
The euthyneurous nervous system is virtually identical to that 
of Philine infundibulum (Fig. 10a) except that some species retain a 
separate genital ganglion.
The reproductive system reflects variation similar to that encountered 
in the Philinidae (Gosliner, in preparation). In Philinopsis depicta 
there is a proximal receptaculum seminis and a distal bursa copulatrix 
with a second distal receptaculum seminis. In other species of Philinopsis 
and in Chelidonura and Melanochlamys the distal receptaculum is retained.
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In Aglaja and Navanax a proximal receptaculum is present. In all cases 
there is a distinct membrane gland. The penial structure is variable.
The penis may be simple with a short prostate, with an elaborate or 
secondary prostate or with an enlarged penial papilla.
All aglajids are carnivores. Melanochlamys, Philinopsis and Aglaja 
tend to be infaunal in soft substrate while Chelidonura and Navanax 
actively crawl on sand or rock surfaces. Aglaja and Melanochlamys feed 
largely upon polychaetes while Navanax and Philinopsis prey primarily 
on other opisthobranchs.
7. Gastropteridae
Within the family only Gastropteron rubrum has been studied 
morphologically (Guiart, 1901). The shell is an internal flattened 
plate. The mantle cavity is situated on the right side and is restricted 
to the area which immediately surrounds the gill. The gill may be 
pinnate or reduced to three or four simple plicae.
The radula has from three to 13 laterals and serves as the primary 
criterion for the separation of genera. A rachidian tooth is absent 
according to all reports. The jaws consist of elongate, sharply acute 
elements. A gizzard is absent but there is a small crop. The anus 
exits on the right side of the animal near the mid portion of the body.
The central nervous system (fig. 12) is euthyneurous with sub­
stantial cephalization and shortening of the visceral loop (present study). 
The visceral and subintestinal ganglia are fused in G. pacificum and 
located posterior to the left pleural ganglion. The supraintestinal 
ganglion is partially fused with the right pleural ganglion. In (?. sp. 
the visceral and subintestinal ganglia are not fused but lie posterior 
to the left pleural ganglion.
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Guiart (1901) described the reporductlve system of Gastropteron 
rub rum. The morphology of G. pacificum (fig. 15) is identical to that 
of the preceeding species. It is monaulic with the hermaphroditic duct 
running along the margin of the mucous gland entering the common 
genital atrium. A receptaculum seminis is absent. (J. sp. is similar 
but with a well developed receptaculum seminis. There is intraspecific 
variation in the structure of the penis (fig. 14a,b). In G. pacificum 
there is a blunt penial papilla, a spermatic bulb and a highly folded 
prostate while in G_. sp. the spermatic bulb is small and there are
two distinct prostates. The penial papilla of G^. rub rum (Guiart, 1901;
Marcus & Marcus, 1966) is elongate and pointed while the prostate is 
elongate and coiled.
Little is known about the biology of Gastropteridae. Species with 
well developed parapodia have excellent natatory capabilities. Carlson 
and Hoff (1973) reported the association of several species with sponges.
The crop of one specimen of G^. pacificum observed in this study contained
foraminiferans and sponge spicules.
8. Retusidae
In the Retusidae the spire may be elevated or depressed and can vary 
considerably within a single species. In Volvulella the shell is spindle 
shaped with an involuted spire. An-.voperculum may be present in some 
species of Retusa but is also subject to intraspecific variation (Burn 
and Bell, 1974).
The mantle cavity is directed to the right and the gill is reduced 
to a series of simple folds or absent.
Within the Retusidae a radula and jaws are absent. The gizzard 
plates are equal and tuberculate in Retusa, unequal and smooth in
149
Relichna and absent in Volvulella. In Volvulella the esophagus is 
highly elaborate and occupies most of the body cavity (Marcus & Marcus,
1960; present study). The anus exits near the posterior limit of the 
mantle cavity.
The central nervous system is least modified in Relichna (Rudman,
1971b). The system is streptoneurous with separation of all ganglia.
In Retusa obtusa the lateral cords are entirely untwisted and there appears 
to be partial fusion of the cerebral and pleural ganglia (present study). 
Volvulella cylindrica is also euthyneurous with separation of the major 
ganglia (present study). This species is unusual in that the buccal 
nerves are longer than lateral nerve cords and the buccal ganglia are situated 
near the posterior end of the body cavity. In V. persimilis the lateral 
cords retain slight streptoneury (Marcus & Marcus, 1960).
A monaulic reproductive system is present in the two retusid taxa 
for which it has been described (Marcus & Marcus, 1960; Rudman, 1971b).
Retusa obtusa (Fig. 15) and Volvulella are similarly monaulic. In all 
cases a proximal receptaculum seminis and distal bursa copulatrix are 
present. The penis is protrusible with a simple papilla. In Retusa 
obtusa the penis possesses two (present study) or three prostates 
(Thompson, 1976). In Relichna murdochi, Volvulella persimilis and 
V. cylindrica there is single prostate and an ejaculatory bulb.
Retusids feed largely on foraminiferans (Rudman, 1971b; Burn and 
Bell, 1974, present study).
9. Bullidae
Bullids have a well calcified shell with a depressed, involuted 
spire. An operculum is absent in all species. The mantle cavity is 
directed to the right side. The pinnate gill is large and is situated
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near the posterior margin of the cavity.- A pallial caecum is absent.
The digestive system (Fig. 16) of Bulla consists of a muscular 
buccal mass, jaws which possess numerous polygonal elements on the anterior 
border, and a radula (Fig. 17) consisting of three rows of laterals 
on each side of the broad, denticulate rachidian tooth. The two inner 
laterals are highly denticulate while the outermost tooth is a flat 
edenticulate plate. A short esophagus leads into a highly muscularized 
gizzard which contains three large irregularly shaped plates and 
numerous swollen plates. The anus exits into the posterior portion of 
the mantle cavity.
The central nervous system (fig. 18) retains limited streptoneury 
and identical morphology in the three species examined in this study.
There are distinct left and right parietal ganglia.
Marcus (1957) described the reproductive system of Bulla striata.
From my examination of the same species it appears that the specimen 
he described was immature, particularly in its elaboration of the female 
gland mass. There are distinct albumen, membrane and! .mucous glands 
(Fig. 19) in mature specimens. A proximal receptaculum seminis is 
absent but a vesicle situated at the base of the bursa copulatrix duct 
may store exogenous sperm. The penis consists of an elongate papilla 
and a highly convoluted prostate which is enclosed in a sheath. Little 
intraspecific variation in the morphology of the reproductive system was 
detected.
Pruvot-Fol (1954) and Rudman (1971c) described the Bullidae as 
herbivores. Marcus (1957) stated that Bulla primarily feeds on algae 
but occasionally ingests sponges and other animal tissue. It would 




Within the family the shell is thickly or thinly calcified, 
external or internal. In Atys the shell is thickly calcified in
A. cylindrica and fragile in other species. Haminoea possesses a 
thinly calcified shell which the mantle may conceal to varying degrees.
This reduction and overgrowth of the shell is further exhibited in 
Smaragdinella. In Phaneropthalmus the shell is reduced to a thin 
plate and is entirely internal-r An operculum is wanting in all species.
The mantle cavity is directed to the right side of the body in 
Roxania, Atys, Haminoea and Smaragdinella but is greatly reduced and 
posterior in Phaneropthalmus. The gill in all cases is pinnate. A 
moderately elongate pallial caecum is present in Roxania utriculus and 
absent in the remainder of the family (present study). The radula is 
narrow or broad, with two to 62 lateral teeth on each side of the 
denticulate rachidian tooth. In Atyidae sp. (fig. 20a) there are two 
laterals on each side of the rachidian tooth. In Roxania utriculus 
there are eight laterals. Members of the genus Haminoea exhibit the 
greatest variability in the radular form. In Haminoea cymbalium (Rudman, 
1971a) and H. solitaria (present study) (Fig. 2b) there are nine and 
12 laterals respectively on each side of the rachidian row while in 
H. virescens (present study) (Fig 20c) there are as many as 64 laterals 
per side. The rachidian teeth may possess numerous denticles or may be 
trifid. The gizzard consists of three plates which are variously ridged. 
There may be from five to 30 or more ridges in the various species studied 
here. In Roxania utriculus the ridges possess numerous tubercles (Fig. 21). 
The intestine emerges from the digestive gland posteriorly and the anus is
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located near the posterior limit of the mantle cavity.
In Roxania, Atys and Haminoea the central nervous system retains 
limited streptoneury (Fig. 22) with separation of all but the visceral 
and subintestinal ganglia. In Smaragdinella and Phaneropthalmus the 
visceral loop is euthyneurous with the supraintestinal ganglion 
located posterior to the right pleural ganglion, in the anterior nerve 
ring (Rudman, 1972e). In Phaneropthalmus lutea the cerebral and pleural 
ganglia are fused.
The reproductive system within the family possesses a high degree 
of uniformity and is monaulic in all instances (Fig. 23a). There is an 
elaboration of the mucous gland into distinct posterior and anterior 
portions. The result is the production of an egg mass surrounded by 
highly viscous mucous. Rudman (1971d) described the egg mass of 
H. zelandiae as sausage shaped. In H. vesicula and H. virescens the 
egg mass is semi-circular and is attached to algal substrate along its 
narrow edge while in H. solitaria the mass is pear shaped and is attached 
to mud substrate by long mucous string (present study). Some species 
possess a proximal receptaculum seminis [Smaragdinella, Phaneropthalmus, 
Haminoea zealandiae (Rudman, 1971a,e), H. navicula (Guiart, 1901),
H. virescens, H. vesicula, H. strongi and Atyidae sp. (present study)] 
while in Atys cylindrica, A. sp., Haminoea solitaria and H. elegans it 
is absent (present study). Marcus (1956) described a receptaculum 
in H. elegans. It is not clear whether this structure is subject to 
intraspecific variation but appears worthy of further examination. In 
Atys cylindrica and A. sp. (fig. 23b) the duct of the bursa copulatrix 
is highly muscular. Within the family the morphology of the penis 
varies substantially. The penis is armed with cuticular spines or unarmed.
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There may be one or two distinct prostates and a spermatic bulb.
Rudman (1971c) studied the functional morphology of the digestive 
system in Haminoea zelandiae and concluded that, members of the family 
feed largely on microphytic green algae. My observations of living 
specimens of Haminoea vesicula, H. virescens and H. solitaria support 
Rudman's observations.
11. Diaphanidae
Within the family, Toledonia possesses a well calcified shell 
with an elevated spire while Diaphana and Newnesia have a thinner 
shell with a low or depressed spire. An operculum is absent in all 
described species.
The mantle cavity is directed somewhat anteriorly in Toledonia 
(Odhner, 1926) and has migrated further to the right in Newesia and 
Diaphana. A pallial caecum is absent.
Jaw plates are present and polygonal in Toledonia (Marcus, 1976) 
and absent in other genera. The radula has 0-3 laterals per side in 
the Diaphanidae (Fig. 24). Denticulate rachidian teeth are present in 
all members except Colpodaspis (Thompson, 1976). Marcus (1976) described 
the unusual structure of the esophagus of Toledonia and suggested that 
the esophageal spines present in that genus and Newnesia may be homologus 
to the gizzard plates of other Cephalaspidea. In Diaphana no such 
structures were observed.
The central nervous system is euthyneurous, with well separated 
ganglia in Toledonia and Newnesia. Toledonia may retain limited 
streptoneury but need to be reexamined. In the four species of Diaphanas 
observed in this study the nervous system was uniform in its configuration 
(Fig. 25) with only the subintestinal and visceral ganglia being closely 
associated.
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Odhner (1926) described the reproductive morphology of several 
species as diaulic. However, the four species of Diaphana examined in 
this study are monaulic. Diaphana minuta was examined by means of 
serial sections to verify the gross morphological observations (Fig. 26). 
In Odhner's and the present study a receptaculum seminis is wanting.
The most variable feature of the reproductive system within the family 
is the structure of the penis (Fig. 27a-d). While the penial papilla is 
simple in each case the elaboration of the prostate is variable. Contrary 
to Odhner's observations the prostate is always associated with the 
protrusible cephalic penis.
Little information is available concerning the biology of diaphanids. 
Most species inhabit considerable depths but Diaphana minuta and D. 
califomica are encountered in the intertidal. D. minuta is found on 
the undersurface of rocks which are particularly richly covered with 
detritus. J3. californica frequently crawls on the surface film in 
tide pools. In neither case has it been possible to establish a relation­
ship with any food item.
Order Theosomata
12. Limacinidae
The hyperstrophic shell is delicate with a well elevated spire. An 
operculum is present and variable in shape. The mantle cavity is directed 
anteriorly and the gill is simple plicate in Peraclis and absent in 
Limacina. A pallial caecum is absent.
Jaws are present within the family but the masticatory region is 
poorly developed. The radula is triseriate with denticulate rachidian 
and lateral teeth. There are five plates within the muscular gizzard the 
posteriormost being reduced in size.
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The central nervous system is euthyneurous and highly cephalized 
with fused pleural and cerebral ganglia. In Limacina the supraintestinal 
and visceral ganglia appear to have fused while in Peraclis they remain 
distinct, situated with the subintestinal ganglion in the circumesophageal 
nerve ring (Pelseneer, 1888).
A monaulic reproductive system is present in all described species. 
The female gland mass contains albumen and mucous secretory portions.
A proximal receptaculum seminis is present. In Limacina retroversa there 
appears to be a bursa copulatrix (Hsaio, 1939) while in L. bulimoides it 
is apparently absent (Morton, 1954). The penis is unarmed with a distinct 
prostate.
Morton (1954b) described Limacina retroversa as a ciliary feeder 
primarily ingesting dinoflagellates and diatoms. They are significant 
members of the planktonic community.
13. Cavolinidae
Within the family the shell is highly modified into an essentially 
conical or globose shell which surrounds the animal (Fig. 28). An 
operculum is absent in members of this family. The mantle cavity is 
restricted to the ventral surface while a gill is absent. However, a 
respiratory surface which may represent the vestige of the gill, as it 
is associated with the heart, is found at the posterioventral end. A 
pallial caecum is absent.
The digestive morphology is similar to that described for the 
Limacinidae with moderately developed jaws, triseriate radula and a 
gizzard which possesses five plates. The anus opens on the left side 
of the body.
Within the family the central nervous system appears to be uniform 
in its morphology. It is highly cephalized and euthyneurous with fusion
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of the cerebral and pleural ganglia. The supraintestinal ganglion is 
distinct while the subintestinal and visceral ganglia form a single mass.
The reproductive system is monaulic and similar in configuration to 
that of the Limacinidae (Fig. 29). The ovotestis consists of numerous 
folds. The proximal receptaculum in Cavolina tridentata (present study),
C. trispinosa and C^. quadridentata (Pelseneer, 1888) have been greatly 
elongated while in (3. inflexa it is globular. There are distinct albumen, 
membrane and mucous glandular regions composing the female gland mass.
Near the gonopore a bursa copulatrix enters the common atrium. A ciliated 
sperm groove conducts the male gametes a short distance to a protrusible 
penis which may possess an apical stylet. A well developed prostate is 
situated at the posterior end of the penis.
Members of this family, as in the Limacinidae, ingest plankton 
by means of ciliary currents and are holoplnaktonic.
Order Sacoglossa 
1A. Cylindrobullidae
Within this family the shell is bulloid in Cylindrobulla and Ascobulla 
or with a posterior siphon as in Volvatella. An operculum is absent.
The mantle cavity is directed to the right side of the body and a 
plicate gill is present. There is no pallial caecum.
Jaws are present as a labial cuticle without masticatory platelets.
The radula is uniseriate with cuspidate teeth in Ascobulla or more 
elongate teeth in Cylindrobulla and Volvatella (Marcus & Marcus, 1970; 
present study). The anus is situated near the posterior limit of the 
mantle cavity.
The central nervous system is euthyneurous with a variable configuration 
of ganglia. In Ascobulla (Fig. 31) the cerebral and pleural ganglia are
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fused while the component ganglia of the visceral loop are separate. 
Volvatella on the other hand has fused subintestinal and visceral ganglia 
in addition to the cerebropleurals.
An androdiaulic reproductive system is encountered through the family 
(Fig. 31). In Volvatella the receptaculum seminis is situated proximally 
to the separation of male and female ducts while in Ascobulla and 
Cylindrobulla the receptaculum is distal and shares a common duct with the 
bursa copulatrix (Marcus & Marcus, 1970, 1972; present study). While the 
system is diaulic and the vas deferens is closed throughout its length, 
a ciliated sperm groove from the female gonopore to the penial aperture 
persists. The penis is unarmed or armed with a cuticular stylet. The 
presence or absence of a stylet varies between species within Ascobulla and 
Volvatella.
All members of Cylindrobullidae are herbiverous and are directly 
associated with the siphonaceous chlorophytic genus, Caulerpa.
Order Anaspidea
15. Akeridae
The Akeridae possess a shell with a slightly elevated (A. bayeri, 
Marcus & Marcus, 1967) or more commonly, a bulloid shell. The shell is 
weakly calcified and an operculum is absent.
Throughout the family the mantle cavity is situated on the right 
side of the body and a large plicate gill is present. A pallial caecum 
of variable length is present.
The jaws are armed with numerous polygonal rodlets. A broad radula 
is present consisting of 28-37 lateral teeth on each side of the variously 
denticulate rachidian. There are numerous gizzard plates of varying sizes 
within the muscular gizzard. At the posterior limit of the mantle cavity,
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along the right side, the intestine is directed anteriorly and exits 
into the cavity.
The central nervous system is slightly streptoneurous with a long 
visceral loop and well separated ganglia (Fig. 32).
The reproductive system (Fig. 33) is oodiaulic with a branched 
female gland mass. A proximal receptaculum seminis and a distal bursa 
copulatrix are present. The ciliated sperm groove leads to a protrusible 
cephalic penis while lacks a prostate and possesses cuticular spines 
(Marcus, 1967; present study).
Akera bullata is herviborous and inhabits muddy substrata (Thompson & 
Brown, 1976). The digestive tract of Akera sp. from Madagascar was 
full of coarse coral sand.
Order Notaspidea
16. Umbraculidae
The Umbraculidae retain a vestigal shell. In Umbraeulum the shell 
is thickly calcified flat plate while in Tylodina and Tylodinella is is 
weakly calcified and limpet-like. An operculum is absent.
The mantle cavity is situated on the right side of the body and is 
substantially reduced in size. The gill is elaborate and pinnate, 
occupying much of the right side of the body. A pallial caecum is 
absent.
The jaws lack masticatory elements and are membranous throughout.
The radula is exceedingly broad with a rachidian tooth in Tylodina and 
without in Tylodinella and Umbraculum. The anus is situated at the posterior 
end of the right side of the body.
The central nervous system is euthyneurous and highly cephalized 
in all members of the family. In Tylodina (Fig. 34) the visceral ganglion 
is distinct while the subintestinal is fused with the left pleural
159
ganglion and the supraintestinal is fused with the right pleural. In 
Umbraculum the visceral ganglion has fused with the right pleural and 
supraintestinal ganglion.
The reproductive system appears to be monaulic in Tylodina and 
Umbraculum (Fig. 35) and androdiaulic in Tylodinella (Mazzarelli, 1897).
A proximal receptaculum seminis is present in Umbraculum as are a distal 
bursa and an additional distal receptaculum seminis. In Tylodina a 
proximal receptaculum is absent and the distal bursa is enlarged and 
muscularized. Tylodina and Umbraculum retain a common hermaphroditic 
duct which opens into a common gonopore. From this point a short ciliated 
sperm groove conducts the male gametes to a nonprotrusible cephalic penis.
Members of the Umbraculidae feed on sponges by rasping tissue with
their broad radula. Tylodina feeds specifically on sponges of the genus
Verongia (present study).
II. Phylogenetic Relationships
A summary of the morphological criteria examined within the sixteen 
families studied here and additional taxa based on previous studies is 
provided in Table 4. Additional characteristics were considered by 
Ghiselin (1965), such as chromosome number and sperm morphology. He 
determined that the amount of available information did not allow for
unambiguous interpretation of these characters. Since then Thompson
(1973) has studied the ultrastructure of opisthobranch sperm. It 
is interesting to note that the Acteonidae and Hydatinidae, which are 
considered to be very closely allied by all workers, have dramatically 
different spermatozoan morphology. Other possible sources of information 
such as ultrastructural, serological or biochemical information have not 
provided substantial data to warrant comparison at present.


























underlined notations constitute dominent character states
Table 4. Summary of Morphological Data within the lower Opisthobranchia
mantle complex   radula







Ringiculidae el a an, la s Pi 1 a a
Acteonidae el £,a an s ,lo Pi 5-100 p,a a
Hydatinidae b a la lo Pi 1-21 p,a a
Scaphandridae el,g p,a an, la s,lo Pi 1-9 p,a p,a
Philinidae b,ri a la,p-l s Pi 1-7 p,a p,a
Aglaj idae b,ri a p-1 s Pi radula absent except* a
Gastropteridae ri a la s Pi 3-13 a a
Retusidae el,b p,a la s Pi radula absent p,a
Bullidae b a la s pl 3 P P
Atyidae b ,ri a la,p-1 s Pi 2-64 P P
Diaphanidae el,b a la s Pl 0-3 p,a a
Limacinidae el P an s a 1 P P
Cavolinidae re a V a p l 1 P P
Cylindrobullidae b a la s Pl 0 P a
Akeridae b a la lo Pl 28-37 P P
Umbraculidae re a p-1 a Pl 100-400 p,a a
Runcinidae ri,a a po a re 1-2 P P
Philinoglossidae ri,a a po a a 3 a a




nervous system reproductive system
lateral visceral division sperm penis recepta
cords loop groove seminis
St lo mo,and o pr px
St lo and c n-p px,a
St lo and c n-p px
st ,eu lo mo o pr px
eu lo mo o pr px,d
eu lo mo o pr px,d
eu s mo 0 pr px,a
st ,eu lo mo o pr px
st lo mo o pr a
st,eu lo mo 0 pr px,a
st ,eu lo mo,oo? o pr a
eu s mo o *pr px,a
eu s mo o pr px
eu lo and c pr px,d
st lo oo o pr px
eu s mo,and o,c n-p px,a
eu s mo o pr a
eu s mo o pr a
eu s mo,oo? 0 pr,a a
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Based on the data presented, a series of evolutionary relationships 
can be inferred (Fig. 36). The sixteen families considered in this study 
form several distinct clades which are phylogenetically separate from all 
other opisthobranchs. An examination of these clades provides a basis 
for the construction of higher taxonomic categories as well as allowing 
for the elucidation of parallel evolution within the subclass.
A. Notaspidea - Nudibranchia
Characteristics: shell reduced or absent; gizzard absent; nervous
system euthyneurous; visceral loop short; carnivorous.
The affinities of the nudibranchs and notaspideans have long been 
established (Guiart, 1901; Boettger, 1954; Ghiselin, 1965) and will not be 
discussed here. What is considered significant is the establishment of 
the early divergence of this clade based on the retention of a truely 
ancestral reproductive system in Tylodina and Umbraculum. Not only is 
the configuration monaulic but the possession of a ciliated sperm groove 
leading to a nonprotrusible cephalic penis clearly defines the ancestral 
opisthobranch condition as being essentially prosobranch in nature as 
in the hypothetical ancestor (Gosliner, in preparation). While members of 
the Umbraculidae retain an ancestral reproductive system the remainder of 
their morphology is substantially derived. Within this clade all other 
members possess either androdiaulic or triaulic reproductive systems.
B. Acteonidae - Hydatinidae - Bullinidae
Characteristics: jaws with prominent masticatory elements; absence
of gizzard; streptoneurous nervous system with fused cerebro-pleural ganglia; 
androdiaulic reproductive system with closed vas deferens with'nonprotrusible 
cephalic penis. The nonprotrusible penis is of cephalic origin but is 
situated at the posterior portion of the head near the opening of the
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mantle cavity. The morphological features present in this group indicate 
early cladistic divergence with retention of primitive features of the 
mantle complex and similtaneous specialization of the nervous, digestive 
and reproductive systems. Acteonaceans are specialized predators on 
polychaetes. While cladistically distinct from other cephalaspideans they 
are phenetically not distantly removed from other taxa. Ghiselin (1965) 
suggested a cladistic affinity between members of the acteonid and 
notaspidean-nudibranch clades. The confirmation of a monaulic reproductive 
system in the Umbraculidae precludes a direct cladistic relationship.
C. Ringiculidae
Characteristics: shell with well elevated spire, thick columellar
folds; operculum absent; radula with paired laterals; penis protrusible.
The ringiculids have previously been considered as members of the 
acteonid clade, particularly in view of the androdiaulic reproductive 
system of R. conformis (Pelseneer, 1925). The fact that R. nitida and 
R. buccinea possess a monaulic system indicates that they are not closely 
allied to the acteonaceans but rather represent a distinct branch. This 
clade retains more ancestral characteristics than the acteonaceans but 
diverged following them and the notaspidean - nudibranch clade. This is 
based on the development of a protrusible cephalic penis in the Ringiculidae, 
which has a prostate associated with it. The fact that the three species 
studied each have a different reproductive morphology suggests a need for 
more detailed study to determine the limits of their variability and to 
confirm previous observations. The fact that the stomach is muscular 
and contains chitinous plates which may be homologous to the gizzard, 
suggests a relationship to other cephalaspideans rather than to the Acteonacea.
164
D. Re tusidae-Scaphandridae-Philindae-Aglajaidae-Gastropteridae- 
Philiniglossidae
Characteristics: lateral radular teeth (when present) curve inwardly,
are acutely pointed with a broad base and possess prominent denticles 
along their inner margin; gizzard plates (when present) dorsally flattened 
without elaborate ornamentation; nerve ring anterior to buccal mass; 
monaulic reproductive system with hermaphroditic duct continuing externally 
to the gonopore and branching to the female gland mass; female gland 
mass with simple mucous gland; carnivorous habit.
A relationship between the latter four families has been established 
and they have been united in the superfamily Philinacea (Taylor and Sohl, 
1962). Ghiselin (1965) allied the taxa on the basis of their monaulic 
reproductive system and a penis without a spermatic bulb. Ghiselin (1965) 
and Boettger (1954) regarded the Retusidae as a member of the herbivorous 
clade, Bullacea, as they possess a penis with a spermatic bulb. Within 
philinacean (Melanochlamys) and bullacean (Haminoea) genera the presence 
or absence of a spermatic bulb can be of a species specific nature. The 
configuration of the reproductive system in the Retusidae, in addition 
to their flattened gizzard plates and carnivorous habit suggests that 
they are more closely allied to the philinaceans.
Boettger derived the Philiglossidae from the Notodiaphanidae while 
Ghiselen allied them to Retusidae and other members of the clade possessing 
a spermatic bulb. While they are substantially modified for an interstitial 
existance, philiglossans retain features suggesting an affinity to the 
philinacean clade. The shape of the radular teeth and a prebuccal position 
of the nerve ring are consistent with other members of the clade.
Within the superfamily several anagenic trends occur. The reduction
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and internalization of the shell, with corresponding reduction and posterior 
migration of the mantle complex, is manifested more than once within the 
clade. These propensities are observed in members of the Scaphandridae and 
Philinidae and are more highly modified in the Aglajidae and Gastropteridae.
The transition from streptoneury to euthyneury has been achieved at least 
twice within the clade, as representatives of Scaphander and Cylichnella 
exhibit both configurations. There is a trend towards cephalization with 
the anterior migration of the supraintestinal ganglion in Philine and the 
Aglajidae and the formation of all ganlia in the circumesophageal nerve 
ring in the Gastropteridae and the Philinglossidae. While substantial 
modification of the mantle complex, nervous and digestive systems have 
taken place the posterior reproductive organs have undergone little change.
E. Bullidae - Atyidae - Runcinidae
Characteristics: lateral teeth arched and weakly denticulate;
rachidian with sharp central cusp; esophagus with diverticulum; arched 
gizzard teeth ridged or crenulate; nerve ring posterior to buccal mass; 
elaborated mucous gland; herbivorous habit.
Boettger (1954) and Ghiselin (1965) both suggested an affinity 
of the Bullidae and Atyidae. Boettger derived the Runicidae from scaphandrids, 
suggesting that the post-buccal nerve ring was convergent between 
runcinids and bullaceans. Ghiselin pointed out the inconsistency of 
Boettger's reasoning and stated that the facts that runcinids and bullaceans 
are herbivorous, possess an esophageal diverticulum and a spermatic bulb 
are supportive of their monophyly. Subsequent confirmation of the presence 
of an esophageal diverticulum in Phaneropthalmus and Smaragdinella by 
Rudman (1972e) and in Haminoea (Fretter, 1939; Marcus, 1956; present study) 
adds further support to this claim. Rudman (1971c) stated that the 
position of the Runcinidae within the Bullomorpha (=Cephalaspidea) is in
166
doubt. This was based on the fact that members of the family possess 
four gizzard plates rather than the more typical three, and the intestine 
emerges from an anteriorly recurved stomach. The shape of the gizzard teeth 
with numerous acute ridges along their surface is similar to those of the 
Atyidae as is their placement at the anterior of the gizzard. The 
presence of small chitinous spines on the posterior part of the gizzard 
in the runcinid, Lapinura divae (Marcus & Marcus, 1970) is similar 
to the additional chitinous structures found in Bulla and Haminoea.
The presence of the intestine adjacent to the esophagus in the Rincinidae 
represents a slight modification in the position of the structures from 
that observed in most cephalaspideans but structurally there has been no 
change.
The morphology of the radular teeth within the Runcinidae is variable 
in form (Burn, 1963) but bear a good deal of resemblance to both philinacean 
and bullacean radulae. It would appear from serial sections of Metaruncina 
setoensis (Baba, 1967) and Lapinura divae (Marcus & Marcus, 1970) that 
there is a division of the mucous gland into two distinct regions as in 
the Atyidae. Based on these considerations it is suggested that the 
Runcinidae are highly specialized but phylogenetically allied to the 
Bullacea and are more closely related to the Atyidae than the Bullidae.
Ghiselin (1965) stated that the Bullidae retain a more ancestral 
condition of shell development, cephalization and gizzard than do the 
Atyidae, thus indicating an earlier divergence. This does not appear 
to be the case however. Members of the genus Atys have a thickly 
calcified shell and a central nervous system which is perhaps less 
cephalized than that of Bulla. Bulla has a specialized radula with a 
reduced number of teeth. It does not appear possible to determine the
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sequence of cladogenesis between these two families as both taxa retain 
a similar mixture of ancestral and derived character states.
Within this clade there are anagenic trends similar to those 
occurring in the Philinacea. These include loss and internalization of 
the shell and cephalization of the nervous system. Within the Bullacea 
there is little modification of the reproductive system as in the Philinacea 
but there is an increase in the complexity of the mucous gland and 
correspondingly in the morphology of the egg mass.
F. Anaspidea
Characteristics: development of rhinophore-like tentacles; possession
of parapodia; broad radula, rachidian tooth with prominent denticles; gizzard 
plates numerous, of variable size; reproductive system oodiaulic; 
penis armed with cuticular spines and lacking prostate; herbivorous habit.
The taxonomic position of the Akeridae has been the subject of 
considerable disagreement and relates directly to the phylogeny of the 
Anaspidea. Thiele (1929-35), Franc (1968) and Thompson (1976) considered 
the family as members of the Cephalaspidea while Guiart (1901), Zilch 
(1959-60) and Ghiselin (1965) regarded them as consistuents of the 
Anaspidea.
Despite the fact that the Akeridae retain an external bulloid shell 
abd residual streptoneury they share the above characteristics with 
the Aplysiidae, and can both cladistically and phenetically be realted 
to the aplysiids. To separate these families into different orders not 
only discountes their historical relationship but is inconsistent with 
the widely accepted classfication of the Cephalaspidea. Primitive and 
derived members of the Philinacea exhibit the same range of variation as 
between the Akeridae and Aplysiidae.
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Boettger (1954) derived the Anaspidea from the Scaphandridae 
while Ghiselin (1965) allied them to the Diaphanidae. There is little 
basis for their derivation from scaphandrids except that Scaphander 
and Akera both possess a bulloid shell and an elongate pallial caecum. 
Ghiselin based his derivation upon the shared oodiaulic reproductive 
systems of the diaphanids and anaspideans. Odhner (1926) provided the 
morphological evidence suggesting an oodiaulic configuration in the
Diaphanidae. However the presence of a purely monaulic system in the
four species of Diaphana examined in this study, questions the validity 
of Odhner's observations. Ghiselin also suggested that the relatively 
diffuse nervous system of some diaphanids might provide a prototype of 
the anaspidean condition. As the least derived nervous system in the 
Diaphanidae is euthyneurous and the Akeridae are streptoneurous, this 
is unlikely. The radular morphology with the two taxa bears little
resemblance. Similarly the penis in the Diaphaidae possesses an ejaculatory
duct and a well developed prostate, which are absent in the Anaspidea.
Of the extant Cephalaspidea, members of the Bullacea share several 
characteristics with the anaspideans. The radular teeth, as have been 
noted by Marcus and Marcus (1967), bear considerable resemblance to 
members of the Atyidae. The central nervous system, with adjacent 
subintestinal and visceral ganglia and a post-oral position of the 
nerve ring, is similar in the two taxa. An elaboration of the female 
gland mass, particularly with regard to the mucous gland, occurs in both. 
Both taxa are herbivorous and possess an esophageal diverticulum. I 
therefore regard the Anaspidea as being more closely allied to'the Bullacea.
Anagenic trends of reduction and internalization of the shell, 
modification of the mantle complex and cephalization and fusion of ganglia
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occur within the order.
G. Diaphanidae - Sacoglossa - Acochlidiacea
Characteristics: a narrow or uniseriate radula; lack of a gizzard;
euthyneurous nervous system; herbivorous habit.
Boettger (1954) and Ghiselin (1965) both discussed the affinities 
of these taxa based largely on evidence presented by Odhner (1952). The 
morphology of the reproductive systems is in need of further study.
Many of the acochlideaceans are secondarily gonochoric. The hermaphoriditic 
forms appear to be largely monaulic but an oodiaulic configuration is 
reported in the Acochlidiidae (Marcus, 1953). The contradictory reports 
of monaulic (present study) and oodiaulic (Odhner, 1926) reproductive 
systems in the Diaphanidae further clouds the issue. A good deal more 
study of the limits of variability needs to be undertaken before one can 
confidently compare the reproductive morphology of these taxa.
The morphology of the digestive system is supportive of the 
phylogenetic proximity of the three taxa. The rachidian teeth of the 
diaphanid, Toledonia major, the acochlidiacean, Hedylopsis suecica, and 
sacoglossan, Cylindrobulla beaui, are virtually identical in their appearance 
(Fig. 37). Similarly the acochlidean, Ganitus eveline, has radular 
teeth which are identical to many of the higher Sacoglossa. The large 
esophageal diverticulum described for Cylindrobulla beaui (Marcus & Marcus, 
1970) is similar to that in Toledonia (Marcus, 1976). A similar structure 
is absent in Diaphana.
The presence of a closed ejaculatory duct in several diaphanids, 
Ascobulla (present study) and Hedylopsis suecica (Odhner, 1937) also 
supports the cladistic affinites of the three taxa.
Within this clade the same anagenic trends which are prevalent 
in other groups are present. There is a trend towards loss of the shell 
in the sacoglossans where as the acochlidiaceans lack a shell entirely. 
Cephalization occurs also within both the Acochlideacea and Sacoglossa.
An elaboration of the digestive surface areas is achieved in the Sacoglossa
by the production of parapodia and cerata. The reporductive system with
the Sacoglossa is androdiaulic or triaulic.
H. Thecosomata - Gymnosomata
Characteristics: natatory parapodia; a highly cephalized, euthyneurous
nervous system; a monaulic reproductive system; a holoplanktonic mode of 
life.
Pelseneer (1888) suggests a biphyletic origin of the two pteropod 
orders, the thecosomes from cephalaspideans and the gymnosomes from 
anaspideans. Minichev (1963) and Ghiselin (1965) have discounted Pelseneer's 
arguments and suggest a monophyletic origin. The possible ancestors of 
the pteropods are difficult to ascertain owing to the substantial 
alteration of their morphology to adapt to a planktonic existance.
The retention of gizzard plates, cuspidate radular teeth, and a monaulic 
reproductive system stuggest that their origins are to be sought in the 
Ceaphalaspidea. Beyond that little can be stated excpet that pteropods 
have diverged substantially from their ancestors.
Within the clade several major trends occur. The thecosomes have 
elaborated the surface area surrounding the mouth to increase ciliary 
currents for filter feeding while the gymnosomes have produced tentacles 
and chitinous hooks for gathering large thecosome prey. Within the 
Thecosomata there is a trend toward the loss and streamlining of the shell, 
which is manifested in the absence of a shell in the Gymnosomata.
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Cephalization and euthyneury can be correlated with the increased 
mobility and coordination required for a holoplanktonic existence.
I. Interrelationships of clades
It is difficult to speculate as to the sequence of branching of the 
various clades. Based on the retention of a primitive, non-protrusible 
penis it is possible to infer an early divergence of the acteonid and 
notaspidean-nudibranch groups. The progression of cladogenesis in the 
other taxa is difficult to ascertain owing to the degree of parallellism 
and mosaic evolution. It can be stated that the three herbivorous 
clades are more closely allied to each other than to the carnivorous 
Philinacea.
III. The significance of parallel and mosaic evolution
Considering the range of morphological and ecological variability 
present in the Opisthobranchia one is struck by the incidence of parallel 
and mosaic evolution. Each of the derived character states has occurred 
more than once within the subclass.
The evolution of a bulloid spire from an elevated spire has occurred 
at least three times and can even be of an interspecific nature in some 
genera:
elevated spire intermediate spire bulloid spire
Acteonacea Acteonidae Bullinidae Hydatinidae
Scaphandridae Cylichnella Cylichnella Cylichnella
Retusidae Retusa Retusa Volvulella
Diaphanidae Toledonia Newnesia Diaphana
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The loss of an operculum has occurred several times:
present
















Internalization of a reduced shell has occurred with the following 
clades:
internal
Philinidae, Aglajidae, Gastropteridae 
Pleurobranchidae 
Phaneropthalmus 
remainder of family 
Aplysiidae
Loss of the shell in the adult occurs within the following taxa: 
present absent
Notaspidea Umbraculidae, Pleurobranchidae Pleurobranchaea, Euselenops
Philinoglossidae Pluscula Sapha, Philinoglossa
Acochlidacea ---  all members
Sacoglossa Cylindrobullidae, Oxynoidea Elysiidae, Hermaeidae
Anaspidea Akeridae, most aplysiids Stylocheilus, Phyllaplysia
The movement of the mantle complex from an anterior position has 
transpired in these taxa:
anterior right
Acteonacea Acteonidae Hydatinidae
Scaphandridae "Bulla" semilaevis remainder of family
Ringiculidae Ringicula nitida R. buccinea, R. conformis
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The evolution of the gizzard and its subsequent loss has happened
several times within the opisthobranchs, yet it cannot be established
whether an absence in some cases (i.e. "Bulla" semilaevis, Diaphana) is
of a primary or secondary nature.
Similary, the polarity and direction of evolutionary change with
respect to the radula is difficult to determine.
Alteration of a streptoneurous arrangmenet of ^ lateral nerve cords
to a euthyneurous state has evolved as follows:
streptoneurous euthyneurous
Scaphandridae Cylichna, most of Scaphander Cylichnella oryza, some
& Cylichnella Scaphander
Retusidae Retusa, Relichna Volvulella
Atyidae Haminoea, Atys Smaragdinella, Phaneropthalmus
Anaspidea Akeridae Aplysiidae
The shortening of the visceral loop so that all ganglia lie in 
the circumesophageal nerve ring has the following distribution:
visceral loop long visceral loop short
Philinacea Scaphandridae, Philinidae, Agaljidae Gastropteridae
Sacoglossa Cylindrobullidae remainder of order
Anaspidea Akeridae, Aplysiinae Dolabriferinae
An androdiaulic reproductive system with a closed vas deferens 
has probably evolved from a monaulic system three different times within 
the subclass:
monaulic diaulic
Acteonacea ----  all representatives
Notaspidea Umbraculum Tylodina remainder of order
Diaphanid clade Diaphana, most Acochlidiacea Sacoglosa
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The evolution of a protrusible penis has probably occurred more than 
once, as well. Within the Notaspidea - Nudibranch clade representatives 
have both ancestral and derived states. The evolution of this strucutre 
probably occurred again within the higher Cephalaspidea, as well.
The extent of parallelism between some taxa is exemplified by a 
comparison of the philinid Philine and the atyid Phaneropthalmus:
Philine Phaneropthalmus
shell reduced, internal reduced, internal
operculum absent absent
mantle cavity posterior posterior
radula narrow with or without rachidian broad, with rachidian
gizzard present as 3 plates present as 3 plates
nervous system euthyneurous, supraintestinal 




adjacent to right 
pleural ganglion
gonopore posterior posterior
reproductive system monaulic monaulic
penis protrusible, with prostate protrusible, with 
prostate
These taxa are allied to members of different clades as they each 
possess radular and gizzard teeth which are typical of their respective 
relatives rather than to each other. This fact presents difficulties for 
the phylogenetic analysis of the Opisthobranchia by either phenetic or 
cladistic methods. Pheneticists unite or divide groups on the basis of 
quantitative differences in their overall similarity. As Philine and 
Phaneropthalmus share more characteristics with each other than with members 
of their respective clades they would probably be classified together. 
Cladists derive the branching sequences of evolutionary events by comparing
175
the Incidence of shared and derived character states between taxa. As 
most of the characteristics are shared by Philine and Phaneropthalmus 
are of a derived nature, within the Opisthobranchia, there is a high 
probability that the two would appear to be closely allied to each other. 
Cladistic methods require an aposteriori determination of parallelism and 
assume that divergent evolution exceeds parallelism. Only by a classical 
evolutionary method, where the morphology of the radula and gizzard 
are subjectively weighted, can an accurate assessment of the affinities 
of these taxa be made.
Mosaic evolution, or unequal rates of evolution of different characters 
within and between various clades, is obviously prevalent within the 
Opisthobranchia. The fact that several anagenic trends occur within 
distinct clades in an unequal fashion is consistent with the notion that 
selection pressures are similarly unequal. Between clades some group such 
as the Aglajidae have a highly modified digestive system and an essentially 
ancestral reproductive system while in the Atyidae the digestive system 
is primitive while the reproductive system is substantially derived.
Conclusions
It has been possible to determine that the Umbraculidae and their 
notaspidean find nudibranch allies diverged early in the history of the 
opisthobranch subclass, while the acteonid clade diverged somewhat later.
The cladogenesis of the remainder of the subclass cannot be determined 
precisely, at present, owing to a paucity of uniquely derived character 
states. Further investigation of poorly studied taxa may alleviate some 
of this confusion. It is suggested in this study that the Sacoglossa, 
Acochlidiacea, Notaspidea, Nudibranchia and Anaspidea have probably been
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derived from members of the Cephalaspidea. In some cases it is possible 
to suggest which cephalaspidean taxa may be directly ancestral to these 
orders. While the Thecosomata and Gymnosomata have probably also arisen 
from cephalaspideans their morphology has been so substantially altered 
that there are few representatives which retain ancestral characteristcs. 
The study of the interrelationships of the pteropods requires substantially 
more rigorous study than has been attempted here.
The Opisthobranchs, by virtue of their parallel and mosaic evolution 
present difficulties in the determination of their phylogenetic 
relationships. It is, however, possible to ascertain patristic affinities 
by means of qualitiative weighting of characters. Several distinct clades 
can be recognized although their strict cladistic origins cannot be 
determined. The opisthobranchs provide an excellent model for the study 
of complex evolutionary events involving parallelism and mosaic evolution. 
Various schools of evolutionary thought proclaim the universiality of their 
strongly divergent methods, yet both cladists and numerical taxonomists 
assume that divergence exceeds parallelism, in nature. The documentation 
of widespread parallelism in the Opisthobranchia in this study suggests 
that further refinement of phylogenetic methodology is required before 
precise cladistic affinities can be determined.
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Chapter IV: Key to Lettering
a - ampulla
ag - albumen gland
amg- anterior mucous gland
be - bursa copulatrix
bg - buccal ganglion
bm - buccal mass
c - cerebral ganglia
eg - cerebral ganglia
cp - cerebro-pleural ganglia
ed - ejaculatory duct
edi- esophageal diverticulum
fgm- female gland mass
g - genital ganglion
ga - genital aperture
gi - gizzard
me - membrane gland
mg - mucous gland
og - osphradial ganglio
ot - ovotestis
p - penis
pa - parietal ganglion 
pg - pedal ganglia 
pi - pleural ganglia 
pmg- posterior mucous gland 
pr - prostate
rs - receptaculum seminis
sb - subintestinal ganglion
sbp- subintestinal-pleural 
ganglion
sbv - subintestinal-visceral 
ganglion
sg - salivary gland
sp - supraintestinal ganglion
spp- supraintestinal-pleural 
ganglion






Ringicula nitida preserved animal 
(scale = 1 mm)
Ringicula nitida reproductive system 




Figure 3. Acteon hebes radular teeth 
(scale = 10 ym)
Figure 4. Pupa sp. 2. central nervous system 




Figure 5. Pupa sp. 2. reproductive system 
(scale = 1 mm)
Figure 6. Cylichnella oryza central nervous system 




Figure 7. Scaphander punctostriatus reproductive system 





Figure 8.a Philine alba shell 
(scale = 2.0 mm)
Figure 8.b Philine lima shell
(scale = .4 mm)

Plate VI
Figure 9 gizzard teeth
a. Philine infundibulum 
(scale = 1.0 mm)
b. Philine alba





e. Philine finmarchica 
(scale = .6 mm)
d. Philine sp.










Figure 11. Philine alba reproductive system















Figure 12. Gastropteron pacificum central nervous system 
(scale = 1.0 mm)
Figure 13. Gastropteron pacificum reproductive system




Figure 14. a. Gastropteron pacificum penis 
(scale = 1.0 mm)
b. Gastropteron sp. penis 
(scale = .3 mm)
Figure 15. Retusa obtusa reproductive system 








Figure 16. Bulla ampulla digestive system 
(scale = 2.5 mm)
Figure 17. Bulla striata radular teeth 




Figure 18. Bulla ampulla central nervous system 
(scale = 3.0 mm)
Figure 19. Bulla striata reproductive system




Figure 20 a. Atyidae sp. radular teeth 
(scale = 25 yin)
Figure 20 b. Haminoea solitaria radular teeth 






c. Haminoea virescens radular teeth 
(scale = 120 ym)
Roxania utriculus gizzard plates 




Figure 22. Atys sp. Figure 23b.
central nervous 
system
(scale = 2.0 mm)
Figure 23a. Haminoea virescens reproductive system








Figure 24. Diaphana minuta radular teeth 
(scale = 20 ym)
Figure 25. Diaphana minuta central nervous system




Figure 26. Diaphana minuta reproductive system 
(scale = .2 mm)
Figure 27. a. Diaphana minuta penis 
(scale = .5 mm)
b. Diaphana californica penis 
(scale = .5 mm)
c. Diaphana sp I penis 
(scale = .5 mm)
d. Diaphana sp II penis 




Figure 28. Cavolina tridentata preserved animal 
(scale = 5.0 mm)
Figure 29. Cavolina tridentata reproductive system 




Figure 30. Ascobulla californica central nervous system 
(scale = 1.5 mm)
Figure 31. Ascobulla californica reproductive system 









Figure 32. Akera sp. I central nervous system 
(scale = 2.0 mm)
Figure 33. Akera sp. I reproductive system










Figure 34. Tylodina fungina central nervous system 
(scale = 2.5 mm)
Figure 35. Tylodina fungina reproductive system 




Figure 36. Phylogeny of the Opisthobranchia
Family names in lower case letters. 
Ordinal names in capital letters.
Figure 37. Radular teeth of the diaphanid clade 
(not drawn to scale)
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